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INFLUENZA B virus first isolated 
independently by Magill? and Francis? in 


1940, and since then it has been recog- 


Was 


nized as the cause of outbreaks of influenza 
both in the United States and abroad. As 
Horsfall® pointed out, influenza is an in- 
It is 
now accepted that the exact diagnosis of 


exactly defined syniptom-complex. 


nfluenza is most satisfactorily established 
y the demonstration of at least a 4-fold 
rise in antibody titer as determined by 
the Hirst test,® or by isolation and identi- 
Epidemic 
nfluenza may be caused by various strains 
A or B virus, but in 
neither 
icriminated in as many as 30% of the 


ication of the causative virus. 


f either influenza 


me outbreaks virus has been 


ises.’ Furthermore, it has been reported 
iat both A and B may 


multaneously in the same population, 
710,13 


viruses occur 

rarely, in the same individual. 
ordon® has shown that there are quanti- 
tive differences as well as antigenic rela- 
mships between strains of influenza B 
rus. That a strain of influenza B virus 
iy be fatal bacterial 
fection has been reported by Himmel- 
itt who isolated the virus from a patient 
io quickly succumbed to pneumonia. 
stmortem examination showed destruc- 
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associated with 


FEBRUARY 


tion of the epithelium of the tracheobron- 
chial tree, pulmonary hemorrhage and 
necrosis, as well as paucity of cellular 
reaction. The lungs contained enormous 
Nigg, Ekland, 
reported a 50% 
mortality in 8 patients (average age over 
45 years) who developed pneumonia in 
the course of influenza B. 

Because of the prospect of an epidemic 
of influenza in this community, it was 
planned to study a group of patients 
should an outbreak occur. The purposes 
of the investigation were not only to 
attempt to determine the causative agents, 
but also to appraise clinically the value 
of sulfonamide prophylaxis in diminishing 
the frequency of bacterial complications. 
Hence a plan to treat alternate cases with 
sulfadiazine was projected. 

The present report is based upon the 
findings in 46 patients who were admitted 
to the Strong Memorial and Rochester 
Municipal Hospitals from Dee. 10 to 18, 
1945, inclusive. Actually about 80 pa- 
tients with a similar pattern of disease 
were during the months of 
November and December, but we have 
limited 
here for the following reasons. 


numbers of staphylococci. 


Wilson and Crowley’? 


observed 


the number of cases considered 
First, 
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lacking positive etiologic evidence, there 
is no certain way of differentiating influ- 
enza B from many other acute respiratory 
illnesses. Secondly, before December 10, 
most of the patients suspected of having 
influenza seemed to represent sporadic 
cases from the community at large. 
Thirdly, a sudden influx of cases between 
December 10 and 18, inclusive, was largely 
from a somewhat isolated group of young 
men living on the River Campus of the 
University of Rochester. These patients 
represented only the more severely ill 
cases from that campus. Fourthly, the 
admission rate dropped abruptly after 
December 18, and from then on only 
apparently sporadic cases were seen. 
Hence, a precipitous onset in a detached 
and fairly homogeneous group character- 
izes the bulk of the cases reported. Of 
the 46 patients, 37 were male, and 9 were 
female. Their ages ranged from 17 to 
62 years; five-sixths of the group were 18 
to 22 years of age. Thirty-four were 
students at the River Campus, 10 were 
personnel of the hospitals, and the re- 
maining 2 were from the community at 
large. The student body and the hospital 
personnel were vaccinated against influ- 
enza A and B between December 15 and 
19; 8 of the patients were members of 
these vaccinated groups. The latter had 
symptoms of from 1 to 3 days duration 
that were thought, in most cases, to be 
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due to actual infection rather than to 
have resulted from the vaccine. 

The clinical study of the patient in- 
cluded, in addition to the routine history 
and physical examination, white blood 
cell counts and differential counts, bac- 
terial cultures of the blood and _naso- 
pharynx, serologic tests for cold hem- 
agglutinins and _ heterophil antibodies. 
From 4 patients the nasopharyngeal 
washings were inoculated in embryonated 
hen’s eggs and intranasally in mice in an 
attempt to isolate a virus. From these 
same 4 patients and 5 additional ones, 
serum was obtained on admission, and 
again 3 or 4 weeks later, for the perform- 
ance of the Hirst test. Twenty-three 
patients had chest roentgenograms. Be- 
cause of the rapidity of admissions anid 
the shortage of personnel, all of the pro- 
jected studies were not performed in ever 
case. 

SYMPTOMS AND Signs. ‘Twelve patients 
had symptoms for a day before admission 
to the hospital, 18 for 2 days, 10 for 
3 days, and 8 for 4 to 7 days. Three- 
fourths of the group had only low grade 
fever (not over 38° C.). Ten patients had 
temperatures of 39° C. or higher, with 
relative bradycardia and normal respira- 
tory rates. The clinical symptoms and 
signs in the 46 patients under considera- 
tion are grouped together in Table 1 in 
order of decreasing frequency. Except 
for 1 individual who had had a cough and 
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Dry cough 37 
Headache 32 
Chilliness 29 
Fever 27 
Sore throat 27 
Coryza . 2a 
Myalgia 18 
Malaise 14 
Anorexia . S2 
Substernal pain 12 
Ocular myalgia 11 
Asthenia 8 
Vomiting 6 


Photophobia 
Hoarseness 
Otalgia 

Diarrhea 
\bdominal cramps 
Injected pharynx 


“IN www 


wn 


Injected nasal mucosa . 30 
Suffusion of eyes : 13 
Flushed facies 10 
Cervical lymphadenopathy 7 
Generalized lymphadenopathy 5 
Perspiring freely 3 
Injected tympani 3 
Pulmonary rales 4 
Pulmonary rhonchi 3 
Palpable submaxillary glands 2 
Prostration 2 
Sinus tenderness 1 
Palpable spleen 1 
Papular rash 1 
Nuchal rigidity 1 
Lethargy 1 
Delirium 1 
Lacrimation 1 
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slight loss of weight for a month, all were 
in good health prior to the onset of symp- 
toms. A typical case is described: 


Case 1. V. V. (216850), a 19 year old 
student from the River Campus, was ad- 
mitted on Dee. 12, 1945, with the complaints 
of sore throat, non-productive coughing, gen- 
eralized aching, malaise, coryza, retrobulbar 
pain, retrosternal pain on coughing and fever 
of 2 days duration. His temperature was 
10.6° C., pulse 110 and respirations 20. He 
appeared acutely ill. The facies were flushed 
and the conjunctive suffused. The pharynx 
was injected, and there was catarrhal otitis 
media bilaterally. Rales were audible in 
the region of the right upper lobe. On ad- 
mission, the white blood cell count was 
3600 of which 73°% were neutrophils, 24% 
lymphocytes and 2° monocytes. Roent- 
genogram of the chest showed an increase 
of the bronchovascular markings. Blood 
culture was negative, while alpha-hemolytic 
colonies, Staph. aureus and a non-hemolytic 
streptococcus appeared in the nasopharyn- 
geal culture. Whereas the sheep cell titer 
was 1:16, and the cold hemagglutination 
test negative, the Hirst test showed that 
during convalescence he developed a sig- 
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OF INFLUENZA 
cell counts tended to be low. Differential 
counts revealed from 60 to 90% neutro- 
phils; as a general rule, however, there 
was no significant shift in the differential 
formula. Strep. pyogenes was found in the 
throat cultures of 4 patients; other bac- 
teria isolated by aérobic culture of naso- 
pharyngeal swabs on blood agar plates are 
listed in Table 3. Blood cultures were 
done on 31 patients. From 3 of these, 
bacteria of possible significance were iso- 
lated, in 2 instances Strep. viridans and 
in the third, a non-hemolytic streptococ- 
cus. From only. 1 of the 3 cases was there 
available blood serum taken both early in 
the disease and during convalescence. 
The serums from this patient were tested 
for agglutinins against the organism iso- 
lated from the culture of his blood (Strep. 
viridans) according to a technique used 
by Finland.! Serum taken at the onset 
of influenza agglutinated the strain to a 
titer of 1:160, while serum taken 3 weeks 
later showed an identical titer of agglu- 
tinins. It is, therefore, impossible to 
assess any significance to the finding of a 


Tasie 2.—ApMIsSsSION WuitTe BLoop Ceti CouNtTs 


No. 

Range patients 
2000 to 4900 i ee: ANE 
5000 to 7900 oo. ee 


TABLE 3.—NASOPHARYNGEAL FLORA 


No. 
Bacteria patients 

Oe ae ee 
H. parainfluenzx aaa 
Strep. viridans . . . . Il 
‘* Diphtheroids”’ oa 9 
Non-hemolytie streptococci 8 
Staph. aureus wee vA 6 
Strep. pyogenes ; a 


ificant rise in titer of antibodies against 
ifluenza B virus. He was treated with 
7 gm. of sulfadiazine over a period of 7 days, 
though he exhibited fever for only 3 days. 
he white blood cell count increased to 
00 during the period of administration of 
lfadiazine. Following discharge on the 
h day, he experienced asthenia for 2 days, 
it felt well thereafter. 


LABORATORY Frinpines. As may be 
en in Table 2, the admission white blood 


No. 

Range patients 
8000 ormore. . ... 3 
Not done... ey a 

No. 

Bacteria patients 

H. influenze oe 4 
Staph. albus hemolyticus 3 
N. catarrhalis 3 
Staph. aureus hemolyticus 3 
M. tetragenus . + wh 1 
Not done , ee ta 


streptococcus in this patient’s blood. 
Furthermore, the failure to demonstrate 
an increase in antibodies against it dur- 
ing convalescence would make one look 
askance upon the other 2 instances in 
which the streptococci were obtained by 
blood culture. 

Tests for cold hemagglutinins were done 
during the Ist week in 19 patients. The 
test was negative in 11, and insignificant 
titers were found in 8, the highest being 
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120. when checked about 
1 month later, the latter’s serum had a 
titer of 1:160. 


course of 6 days was unremarkable, but 


However, 
This patient’s hospital 


2 weeks later he had fever, cough, and 
headache and remained in bed for a week. 
This person may have had influenza, but 
clinical relapse and rising cold hemagglu- 
tinin titer during convalescence suggested 
the possibility of primary atypical pneu- 
monia. Serums obtained, after an interval 
of 3 or 4 weeks, from 7 additional patients, 
whose initial level of cold hemagglutinins 
had been determined, did not reveal any 
rise in titer 

Heterophile antibody tests were done in 
17 instances. The results were negative 
in 3, insignificant in 13, and positive to 
1:256 dilution in 1 patient. 


Case 2. A student from the River Cam- 
pus had chilliness, fever, headache, backache 
malaise, sore throat, coryza and dry cough 
for 2 days prior to admission. The tempera- 
ture was 38.5° C., pulse 108 and respirations 
21. He, too, appeared toxic and had injec- 
tion of the nasopharynx. The white blood 
cell count was 4700 with 74°, neutrophils, 
18° lymphoeytes and 6°; monocytes. The 
chest Roentgen ray revealed increased bron- 

‘ular markings in the right lower lobe. 


cnovascu 


Strep. idans was obtained on culture of 
the blood. The Hirst test was negative. He 
vas treated with 22 em. of sulfadiazine over 


Resvuits or Hirst Tests Done W 


F 9 PATIENTS SEI 


t 


Ss 
M. 52 } 
S 64 64 
v. WV; 64 64 
\W 16 16 
B 16 2 
D 3» 16 
H S S 
I 32 32 
I 16 16 
{ ontrols 
Ferret-PR sS* 512 
Ferret—Lee* S 
Normal ferret* 0 
i, Acute phase serum; c, convalescent serum, 


* Serums furnished by Dr. Thomas Francis, Ann 
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a 6 day period during which the leukopenia 
When the sheep cell 

titer was repeated 1 month later, it was 

1:128. He had been well in the interval. 


became more marked. 


Another student with a negative Hirst 
test and an equivocal titer of agglutinins 
for sheep erythrocytes (1:32) had a total 
white blood cell count of 4000 per mm 
18% of the cells were lvmphocytes. His 
course Was uneventful, and he did not 
report for interview several weeks later 
He may, however, have had infectious 
mononucleosis rather than influenza. Men- 
tion should be made of the fact that 
sporadic cases of infectious mononucleosis 
had been observed in the student body 
during the few weeks preceding the out- 
break of influenza. Two patients were 
thought to have had only systemic reac- 
tions to vaccinations for influenza A and B 
rather than influenza. 

All the remaining patients were consid 
influenza B. As ts 
shown in Table 4, Hirst tests (4 


ered to have had 
were per 
formed on 9 of these selected at random 
During convalescence none developed an 
increase in circulating antibodies against 
influenza A 


virus. ‘Two were entirel: 


negative, | of these was from the individ 
ual known to have had infectious mono 
nucleosis, the other from the student cd 


scribed above who was suspected of having 


irH AcuTEe PuHast ND CONVALESCENT SERUMS 
ECTED AT RANDOM 
\ | ! 2 
Ws 
y {) ( 16 
52 (4 é 
(4 s 4 
16 16 S oe 
16 16 S 64 
a2 16 2 128 
32 52 12S 
12S 12S 52 12S 
16 16 Ss oe 
12S - 
a2 zob 
64 0 
Arbor, Micl 


Positive tests are those with 4-fold or greater nse of titer 
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Altogether 7 
patients exhibited significant rises in cir- 
culating antibodies against influenza B 
Inasmuch as none of these serums 


infectious mononucleosis. 


virus. 
had been obtained from patients who 
were vaccinated against influenza A and B, 
the etiology of the outbreak of influenza- 
like symptoms, in the majority of the 
patients, appeared to be influenza B virus. 
Influenza virus was not isolated in the 
} instances attempted. 

Of the 23 patients who had chest roent- 

genograms, 6 were negative, but 17 showed 
increased bronchovascular markings. One 
also showed minimal evidence of infiltra- 
tion in the left upper lobe. All of these 
were negative when repeated either before 
discharge from the hospital, or 3 weeks 
later. 
» ResuLts oF PropnHyiactic TREATMENT 
WitH SULFADIAZINE. Twenty patients 
were treated symptomatically. As a 
group they exhibited fever for an average 
period of 1.5 days, and were hospitalized 
One of the 
20 had meningismus, and another sinusitis. 
The latter also had questionable signs of 
early bronchopneumonia, and was given 
100,000 units of penicillin over a 3 day 
period. 

In accordance with the plan to treat 
alternate cases prophylactically with sul- 
fadiazine, in order to determine its value 
in diminishing the incidence and severity 
of complications of influenza, those pa- 
tients selected were given on admission 


for an average of 4.1 days. 


t gm. of the drug by mouth. This was fol- 
lowed by | gm. every 4 hours until the 
temperature had been normal for at least 
In addition, when a compli- 
cation appeared, some of the previously 


2o0r3 day os 


untreated controls were then started on 
the same dose of sulfadiazine, except for 
the 1 individual treated with penicillin as 
mentioned above. Altogether, 26 patients 
received from 10 to 36 gm. of the drug. 
Of these, 22 were treated prophylactically, 
2 because of otitis media, and 1 each 
This 
‘rroup of patients manifested fever for 


2 days, and was hospitalized for an 


vecause of bronchitis or laryngitis. 
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The longer hospital 
stay was due, in part, to the policy of 
continuing sulfadiazine therapy until 2 or 
3 days of normal temperature had been 
Six patients developed micro- 
scopic hematuria which necessitated dis- 
continuance of the drug; 2 had traces of 
albuminuria. The renal complications 
could be attributed in every instance to 
unanticipated confinement of the patient 
in a hot room of low humidity. The 
effect of the sulfonamide therapy on the 
white blood cell count, already depressed 
by influenza, was not remarkable. 

Thirty-one patients from the River 
Campus were interviewed 4 or 5 weeks 
after discharge in order to evaluate further 
the effectiveness of sulfadiazine prophyl- 
axis. Almost all of these young men had 
traveled widely during the Christmas holi- 
day, many on crowded trains. Of the 31, 
none had developed pneumonia; 16 denied 
any residual symptoms or complications; 
they felt well after discharge from the 
hospital. Seven of those treated with sul- 
fadiazine had asthenia, as 
against 2 of the control group. Persistent 
coughing was noted by 4 in the untreated 
group, and by only 2 of those who were 
treated with sulfadiazine. 

There was | other patient, however, 
from the hospital personnel, who had 
prophylactic sulfadiazine for 3 days and 
was discharged after 10 days. He had to 
be re-admitted a day later because of 
acute, purulent otitis media. 
genes was cultured from the ear. 
a white blood cell count of 1900. 

Discussion. Since significant rises in 
antibody titer against influenza B virus 
were demonstrated in 7 patients selected 
at random, we feel that influenza B virus 
was responsible for the epidemic studied. 
The syndromes of influenza A and influ- 
enza B have been described as indistin- 
guishable in groups as well as in individ- 
uals.2 Some emphasize the more common 
occurrence of sweating, giddiness, nausea, 
vomiting and substernal chest pain in 
influenza B infection.” We do not feel 
that our data permits this distinction, ex- 


average of 6.6 days. 


observed. 


temporary 


Strep. pyo- 
He had 
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cept, perhaps, with respect to substernal 
pain which occurred in 12 of our patients. 
The occasional similarity as witnessed in 
the present study, of the symptom-com- 
plexes of those known to have either influ- 
enza B, infectious mononucleosis, or pri- 
mary atypical pneumonia is striking. In- 
as-much as neither influenza virus nor 
immunologic evidence of infection due to 
it has been found in a substantial number 
of individuals in some previously reported 
epidemics of influenza, consideration of 
other etiologic agents is warranted. In 
the present investigation, limited largely 
to young adults, influenza B was largely 
a self-limiting respiratory illness with few 
bacterial complications, the most frequent 
being otitis media. On the basis of the 
data presented, no benefit can be accorded 
the use of sulfadiazine in preventing bac- 
terial complications in patients with influ- 
enza B infection. The data are, of course, 
insufficient to permit a final opinion. 
Shope has suggested a concept of wide- 


g 
ono 6 \ A 
4 J hy. F 
ree P 
- 2 ‘: P 
= 0 
50 
40 
- 2 
7) 
ud 
5 10 
2 0 
123 45 67 89 101112131415 16 
DAYS 
DECEMBER 1945 
hic. 1.— Comparison of onset of symptoms with 
fluctuations in temperature in Rochester. The 


blocked areas represent range of temperature in 

F. in the Rochester area; the heavy line, the 
variations in numbers of patients who had onset 
of symptoms on those days. 
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spread pre-seeding of the causative agent 
to account for the rapidity of appearance 
of new cases of both swine influenza and 
human influenza in the course of epidemics. 
The same author has also suggested the 
possible rédle of meteorologic factors in 
evoking outbreaks of the disease." In 
Chart 1 we have plotted the frequency of 
occurrence of our cases, dated at the onset 
of symptoms, against the daily variations 
in temperature in Rochester, N. Y., for 
December 1945. It may be of interest to 
note that the cases appeared during rather 
wide fluctuations in temperature over a 
short period of time. 

Summary and Conclusions. During a 
9 day period in December 1945, 46 patients 
(chiefly young men from a college campus) 
were admitted to the hospital with an 
acute respiratory illness; 2 were thought 
to have reactions to influenza A and B 
vaccination; 2, infectious mononucleosis; 
1, atypical pneumonia, and the remaining 
41 to have influenza B. In 7 of the 41 
selected at random, the Hirst test was 
positive for influenza B. Increased bron- 
chovascular markmgs in chest Roentgen 
rays were seen in many. Seven developed 
minor complications, the commonest being 
otitis media. None had significant se- 
quele. Twenty-six were treated with 
sulfadiazine prophylactically, or for com- 
plications. Although the total number of 
cases Was too small to permit a final 
opinion, the incidence of complications, 
and the subsequent convalescence did not 
appear to be favorably influenced by sul- 
fadiazine prophylaxis as compared with 
experience in an untreated control group. 
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Because of the world-wide distribution 
of the macrocytic anemias, physicians 
everywhere have contemplated the best 
method for their detection and therapy. 
In his excellent book, which was published 
in 1855, Thomas Addison! of London de- 
scribed the clinical picture of one of the 
macrocytic anemias which he called per- 
nicious anemia. Biermer, in 1872, in a 
lecture given before the Medical Society of 
Zurich, described this anemia in greater 
detail and called it “ progressive”’ 
cious anemia. 


perni- 
He pointed out that this 
condition in some way involved the di- 
gestive system. 

The idea of taking mammalian liver 
internally goes back to antiquity in the 
mythology of many races. In 1926 Minot 
and Murphy? initiated the era of its 
modern usefulness in man when they 
showed that the oral administration of 
large doses of whole liver effected a remis- 
sion of Addisonian pernicious anemia in 
relapse. Liver was soon tested in various 
types of macrocytic anemia and was found 
to be an effective hematopoietic substance 
in the treatment of the macrocytic anemia 
of pregnancy, of tropical sprue, of non- 
tropical sprue, of nutritional deficiency, 
and of pernicious anemia. 

It soon became apparent, however, that 
‘ potent extract from liver would be less 
difficult to administer than whole liver. 
\ number of crude liver extracts were 
prepared, and within 2 years Cohn had 
leveloped his Fraction G2 This Frac- 


tion G became widely used in treating 
macrocytic anemias due to the absence or 
deficiency of erythrocyte maturation fac- 
tor (EMF). EMF was considered to be 
the end-product of a reaction between 
the extrinsic factor, which was found in 
food, and the intrinsic factor, which was 
found in the secretions of the gastric 
mucosa. Qn the basis of this concept, 
which was fostered by Castle, it was pos- 
sible to classify further the macrocytic 
anemias on the basis of intrinsic factor or 
extrinsic factor deficiency. Thus, Castle 
considers that the macrocytic anemia of 
pernicious anemia is characterized by a 
deficiency of intrinsic factor, while the 
macrocytic anemias of pregnancy, nutri- 
tional deficiency, and sprue are charac- 
terized by a deficiency of extrinsic factor. 
The intrinsic and extrinsic factor studies 
will not be discussed in this paper. With 
this concept in mind, many investigators 
directed their efforts toward the intrinsic 
factor, the extrinsic factor, or the EMF. 
Many fractions obtained from liver were 
hematologically active, but the great 
majority of them had no hematopoietic 
activity whatever. Many other substances 
such as brewers’ yeast, hog stomach, kid- 
ney and brain were tried with success. 
Several of these substances had been 
known for many years to have hemato- 
poietic properties, but none of them came 
up to the hematopoietic standards of con- 
centrated liver extract. Because of the 
efficacy of concentrated liver extract in 


* These studies were supported by grants from Eli Lilly & Co., Lederle Laboratories, Inc., and the 


dward Mason Williams Memorial Fund. 
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inducing remissions in the EMF deficiency 
anemias, it became the standard of those 
students who were constantly assaying 
new substances and new liver fractions. 
It soon was apparent that the various 
preparations themselves varied consider- 
ubly, depending on the source of extrac- 
tion, the method involved, and many 
other uncontrollable factors. It became 
obvious to some that liver might contain 
many substances that might be hemato- 
poietically active. This concept was 
strengthened by the observations that 
some substance or substances were de- 
stroyed in the concentration of crude 
liver extract as determined by the hemato- 
poietic response effected by both crude 
and concentrated liver extract. 

Jacobson and SubbaRow‘ consider that 
there is no single intrinsic or extrinsic fac- 
tor but that there are many factors that 
are necessary to produce a full, maximal 
hematologic response when the substances 
in question are given in minimal doses. 
In the fall of 1945, the authors and many 
other investigators were working on the 
problem. Realizing that liver extract 
was a mixture of many chemical sub- 
stances, we knew that we were facing a 
difficult and tedious task. Throughout 
the years we had been studying fractions 
of reticulogen prepared by Dr. J. K. Cline, 
and we had tested the hemapoietie proper- 
ties of many nutrients and synthetic sub- 
stances. Some of these had slight activity, 
but most of them had none. We were 
also working with concentrates; 1 of these 
was folic acid concentrate which was 
furnished to us by Dr. E. A. Sharp. We 
had long known that a number of concen- 
trated liver extracts which were of high 
potency in treating pernicious anemia con- 
tained only infinitesimal amounts of folic 
acid. Nevertheless, our working hypoth- 
esis was that a number of chemical mole- 
cules could probably effect hemopoiesis 
and that folic acid might well be one of 
these even if it were not the active one 
in concentrated liver extract. When folic 
acid became available in sufficient quan- 
tities for clinical testing, its effect on 
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patients with macrocytic anemia was so 
dramatic that its efficacy was very quickly 
demonstrated.**? Thus, for the first time 
it was possible to administer a pure syn- 
thetic compound to persons with the 
macrocytic anemia of pernicious anemia, 
of nutritional deficiency, of pregnancy, or 
tropical sprue, and of non-tropical sprue 
and to effect a hematologic remission. 
This discovery was of great importance 
for many reasons. Probably the most 
important is that its discovery has at long 
last placed investigations in the field of 
the macrocytic anemias in the realm of 
pure compound therapy. With the advent 
of pure compound therapy a step closer 
has been taken toward learning the etiol- 
ogy and pathogenesis of the disease. 

The initial observations were difficult 
to evaluate in terms of past therapeutic 
performance because even though a pure 
synthetic compound was available it was 
necessary to assay it against and compare 
it to concentrated liver extract about 
which little is known in respect to the 
number and nature of the factors it con- 
tains. However, it has been conclusivels 
established that folic acid is an effective 
hematopoietic substance in the treatment 
of all of the EMF deficiency anemias.*:?"° 
To date, there have been no negative re- 
ports concerning its use in these anemias. 
The hematologic response to folic acid 1s 
much the same as it is to liver extract. 
It has no effect on aplastic anemias, hypo- 
chromic anemia, primary thrombocyto- 
penia, idiopathic leukopenia and leuke- 
mia.!°! Folic acid is also ineffective 
where liver extract is ineffective. 

Once the efficiency of folic acid in the 
treatment of macrocytic anemia was es- 
tablished, a search was continued for 
other pure synthetic compounds of known 
structure. By March 1946,” the hemato- 
poietic properties of 5-methyl uracil (thy- 
mine) were reported. This substance is one 
of the 4 nucleotides occurring in thymo- 
nucleic acid and is a basic cell con- 
stituent. We have since shown that syn- 
thetic 5-methyl uracil in daily oral doses 


of 15 gm. is effective in causing a remis 
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sion in the macrocytic anemia of tropical 
nutri- 
Because of 


sprue,’ pernicious anemia’ and 
tional macrocytic anemia. 
significant differences in the hematologic 
response of such patients to synthetic 
5-methyl! uracil and synthetic folic acid, it 
is considered important to report these 
differences. Since there are also certain 
minor differences in the response of pa- 
tients with macrocytic anemia to synthetic 
folic acid and concentrated liver extract, 
it is also considered proper to report those 
differences. The neurologic aspects will 
not be discussed in this paper. It is fully 
that there hemato- 
poietic compounds, but it has been our 


realized are many 
aim to assay pure compounds against pure 
compounds; and we believe that concen- 
trated liver extract when compared with 
these other anti-anemic preparations prob- 
ably contains the least number of different 
substances. From a controlled scientific 
point of view it is not desirable to com- 
pare a pure compound such as folic acid 
or 5-methyl uracil with an impure com- 
pound such as liver extract. The com- 
parison is made because liver extract is 
the most widely used, the best known, and 
primarily because it is the most effective 
anti-anemic therapeutic agent we have at 
our disposal to date. 

We are reporting on a total of 100 pa- 
treated liver 
extract, 24 patients treated with synthetic 
folic acid, and 14 patients treated with 
synthetic 5-methy! uracil. These patients 
had true 
anemia, nutritional macrocytic anemia, or 


tients with concentrated 


either addisonian pernicious 
the macrocytic anemia of tropical sprue. 
Representative cases were chosen for sake 
f simplicity and detail. 
concerned 


This report is 
the 
hematopoietic and clinical effect of each 


with a comparison of 
if these 3 substances in 1 case of addison- 
an pernicious anemia in relapse and in 
| case of nutritional macrocytic anemia in 
elapse, and with the effect of synthetic 
olic acid in | case of sprue and of syn- 
hetic 5-methyl uracil in | case of sprue. 
SELECTION oF Patients. All the pa- 
ients selected for study met the following 


TREATMENT OF 


, 


MACROCYTIC. ANEMIAS IN RELAPSE 137 


basic criteria: (1) A mean corpuscular 
volume of 100 cu or more. (2) A mean 
corpuscular hemoglobin of 32 ywug. or 
more. (3) A mean corpuscular hemoglo- 


bin concentration of 34% or more. (4) 
A color index of 1 or greater. (5) A red 
blood count of 2.5 million or less. (6) 


Megaloblastic arrest of the sternal bone 
marrow. (7) The patient must be un- 
treated or he must not have been treated 
recently enough to interfere in any 
way with the evaluation of anti-anemic 
therapy. 

In the selection of persons with perni- 
cious anemia, an additional criterion was 
a histamine refractory achlorhydria and 
achylia which had remained unchanged 
over a period of | to 4 years during which 
time gastric analyses were done every 6 
to 12 months. The selection of patients 
with nutritional macrocytic anemia was 
made by the use of the basic criteria, but 
in addition each patient selected must 
have free hydrochloric acid, rennin and 
pepsinogen in the gastric secretions after 
histamine stimulation as well as evidence 
of concomitant nutritive failure. 

The selection of persons with tropical 
sprue was determined by the following 
criteria in addition to the basic criteria 
mentioned (1) There must 
free hydrochloric acid and enzymes in the 


above: be 
gastric secretions after histamine stimula- 
tion. (2) The single dose oral glucose 
tolerance curve must be flat. (3) The 
patient must have glossitis and diarrhea 
characterized by stools which show an 
increase in total fat and a preponderance 
of fatty acids as determined by chemical 
analysis. (4) There must be a weight loss 
of at least 30 pounds in the 6 months prior 
to study. 

The 4 patients thus selected were hospi- 
talized on each occasion prior to the insti- 
Careful medical and 

well as complete 
physical and neurologic examinations were 
done prior to treatment. During hospital- 
ization the diet was rigidly controlled and 
contained no meat, meat products, fish or 


tution of therapy. 


dietary histories as 


fowl and allowed only 1 egg and } pint of 
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milk a day. The egg, as well as the vege- 
tables, were cooked at high temperatures 
for a long period of time in an effort to 
destroy any extrinsic factor that might 
occur in these foods. Those patients who 
had tropical sprue were denied milk and 
eggs entirely in addition to the above 
dietary restrictions. Baseline clinical, 
hematologic and laboratory studies were 
performed as described elsewhere.’ To 
our knowledge none of these patients had 
ever had a spontaneous remission. The 
baseline periods varied because treatment 
was always withheld until it appeared that 
the patient was actually getting worse 
both clinically and hematologically. 

When such a point was reached, therap) 
was instituted. The dosage of liver ex- 
tract, folic acid and 5-methyl uracil was 
varied in almost each patient because at 
the time we were endeavoring to deter- 
mine minimal and maximal doses. We 
have since learned that 0.5 ec. of concen- 
trated liver extract (reticulogen),* 10 to 
20 mg. of synthetic folic acid (Folvite),7 
and 15 gm. of synthetic 5-methyl uracil 
(thymine) are practical for the average 
case. These amounts are in the average 
case about the minimal doses which will 
give a reticulocyte response that is not 
influenced by an increase, no matter how 
great, in the substance employed. It has 
also been determined that folic acid is 
effective when given parenterally or or- 
ally,® and for that reason the parenteral 
route was abandoned in these studies. 

The concentrated liver extract used in 
these studies was kept at a temperature 
below 55° C. Immediately prior to ad- 
ministration, the required dose was re- 
moved from the chilled vial and the medi- 
cation was injected into the right or left 
gluteal muscles. The site of injection was 
alternately changed each day. Synthetic 
folie acid and synthetic 5-methyl uracil 
were weighed on an analytical balance im- 
mediately prior to administration. These 
drugs were partially dissolved and sus- 
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glass of water and admin- 


bal 


pended in : to , 
istered orally. 


Case Reports. Case |. J. B. (addisonian 
pernicious anemia). This 46 year old white 
married male was first seen by us on May 29, 
1944, and was hospitalized on that date. 
At that time he had many complaints, the 
most prominent of which were dizziness, 
weakness, shortness of breath, cardiac palpi- 
tation, pedal edema, redness and soreness of 
the tongue, and tingling and numbness of 
the hands and feet. Physical examination 
done at that time revealed severe general- 
ized pallor, a divergent strabismus of con- 
genital origin, sears and fissuring of both 
angles of the mouth which were interpreted 
as evidence of old cheilosis, severe pyorrhea, 
severe redness of the tongue and complete 
atrophy of the lingual papille,+** pitting 
edema of the legs and feet, hypesthesia to 
light touch and pin prick of a stocking type 
over the left foot, and diminished vibratory 
sense over the ankles and knees. Position 
sense was intact and there was slight calf 
muscle tenderness to pressure. There was 
no change in the reflexes, and there were 
no pathologic reflexes found. Laboratory 
studies revealeda histamine refractory achlor- 
hydria and achylia and a negative blood 
Klein as well as negative urinalyses, stool 
analyses, chest plate, and gastro-intestinal 
Roentgen ray series. An icterus index was 
slightly elevated. Hematologic studies show- 
ed an erythrocyte count of 1.25 million, 
hemoglobin of 5.1 gm. (33%), a reticulocyte 
count of 1.8%, a leukocyte count of 3250, 
PCV of 16, MCV of 128, MCH of 40.8, and 
MCHC of 31.8. Sternal bone marrow showed 
arrest at the megaloblastic level. Table 1 
shows the packed cell volume and blood 
indices determined on each occasion prior 
to the initiation of specific therapy. 

The patient was treated with some success 
with 2 liver fractions obtained from reticulo- 
gen in this laboratory. He was discharged 
on June 28, 1944, in a somewhat improved 
condition. 

He was followed in our clinic for almost 
6 months and received no liver or other 
substances containing the so-called anti- 
anemic principle. By December 6, he had 
a recurrence of the symptoms enumerated 


* Supplied by Eli Lilly & Co. 
+ Supplied by Lederle Laboratories, Ine 
tf Supplied by Hoffmann-La Roche, Inc. 
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above and was hospitalized. Physical ex- 
amination was essentially as recorded on 
his first hospitalization. The erythrocyte 
count was 1.69 million, hemoglobin 5.4 gm., 
and the leukocyte count 4950. The reticulo- 
cytes were 0.2%, and sternal bone marrow 
was characteristic of megaloblastic arrest. 
Gastric analysis performed after histamine 
stimulation showed achlorhydria and achylia. 
By December 9, the erythrocyte count was 
1.39 million, the hemoglobin was 4.4 gm., 
the reticulocytes were 0.2%, and therapy 
was instituted. The patient received 1 cc. 
of reticulogen I.M. every day for a period 
of 6 days. As seen in Figure 1, a peak 
reticulocytosis of 37.3°% was reached on the 
6th day after therapy was initiated. Simul- 
taneously with this reticulocytosis there was 
a striking upsurge in well-being and im- 
provement in appetite. On Feb. 3, 1945, 
57 days after therapy was initiated, the red 
blood cell count was 5.08 million and the 
hemoglobin 13.1 gm. It should be noted 
that this patient received a total of only 
6 ec. of a potent liver extract and thereafter 
received no anti-anemic therapy. Concomi- 
tant with the remission in this patient’s 
blood picture there was complete clinical 
improvement. The redness of his tongue 
disappeared and it became pale and repapil- 
lated. Table 2 shows in summary form the 
hematologic response to this treatment as 
well to the other forms of treatment 
employed. 

When he was discharged from the hospital, 
he felt and appeared strong and well. He 
was followed in our clinic for almost 9 months 
without receiving any specific anti-anemic 
therapy. Gradually he relapsed hemato- 
logically and clinically and was readmitted 
to the hospital on Sept. 22, 1945, with symp- 
toms of severe glossitis, stomatitis, profound 
weakness, dyspnea, vertigo, tinnitus, ano- 
rexia and moderate to severe paresthesias of 
the hands and feet. Physical examination 
revealed essentially the same findings as 
were noted on the first admission in May 
of 1944. Laboratory studies showed a hista- 
nine refractory achlorhydria and achylia, 
in essentially normal gastro-intestinal tract 
is determined by Roentgen ray examination, 
ind normal urinalyses and stool analyses. 
lhe erythrocyte count was 1.96 million, the 
vemoglobin 7.9 gm. (51%), the leukocyte 
‘ount 4800, and reticulocytes 0.4%. Blood 
ndices were compatible with a morphologic 
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diagnosis of macrocytic hyperchromic ane- 
mia in relapse. Sternal bone marrow stud- 
ies showed arrest of the marrow cells at the 
megaloblastic level. On Sept. 23, 1945, the 
red blood cell count was 1.64 million, the 
hemoglobin 7.1 gm., and therapy was insti- 
tuted. The patient received 50 mg. of syn- 
thetic folie acid by mouth twice daily for a 
period of 20 days as shown in Figure 1. On 
the 5th day of this therapy a peak reticulo- 
cytosis of 19.2°% was attained. Hemopoiesis 
was rapid and the patient was discharged 
on October 12, with a red blood cell count 
of 4.07 million, a hemoglobin of 9.8 gm. 
(64%), a leukocyte count of 9850, and a 
réticulocyte count of 1%. Clinically the 
patient responded equally as well as he did 
hematologically. At the end of a 65 day 
period his erythrocyte count had reached a 
level of 4.97 million, and his hemoglobin 
was 12.5 gm. Again it should be realized 
that this patient was under treatment for a 
period of only 20 days after which he re- 
ceived no specific anti-anemic therapy. 

He was again followed in clinic and re- 
ceived no specific therapy for 3 months, and 
by the end of this time he had relapsed once 
more and had many of the symptoms he 
had at the time of each previous relapse. 
He was admitted to the hospital on March 
14, 1946. Physical examination showed es- 
sentially the same abnormalities as were 
present on the 3 previous hospitalizations 
except that on this occasion there was hyper- 
esthesia to pin prick of a glove type over 
both hands and wrists. Laboratory data 
revealed a histamine refractory achlor- 
hydria and achylia, an icterus index of 
13.4 units (normal 8 to 10 units), an essen- 
tially normal gastro-intestinal series, normal 
chest Roentgen ray, normal oral glucose 
tolerance test, and essentially normal urin- 
alyses and stool analyses. Sternal bone 
marrow was again characteristic of megalo- 
blastic arrest, and on the day of admission 
to the hospital the hematologic studies re- 
vealed a red cell count of 1.55 million, a 
hemoglobin of 6.2 gm. (40°%), a white cell 
count of 3050, a reticulocyte count of 0.3%, 
PCV of 20, MCV of 129, MCH of 40, and 
MCHC of 31. By March 17, the baseline 
studies were completed, and therapy was 
instituted. The patient received 2 gm. of 
synthetic 5-methyl uracil 3 times a day 
orally for a period of 19 days. A peak reticu- 
locytosis of 16% was reached on the 11th day 
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of this treatment; 21 days after therapy had 
been instituted the erythrocytes had shown 
an increase of 530,000 cells per ¢e.mm. of 
peripheral blood, the hemoglobin 
showed an increase of 3.1 gm. per 100 ce. 
Figure | well 
that the hematologic response in this man 
to 5-methyl uracil at this dose level was far 
below that obtained with folie acid or con- 
centrated liver extract. It should be recalled, 
however, that the dose employed was not 
standard. The clinical was also 
less dramatic. The patient’s tongue remain- 
ed essentially unchanged; and his appetite 
which had originally improved, became worse 
during subsequent treatment. Paresthesias 
of his hands remained unchanged. After 
treatment was discontinued, the erythrocytes 
failed to continue to maturate and relapse 
was rapid. Figure | shows that the maxi- 
mum erythrocyte count attained was 2.39 
million 21 days after therapy was instituted. 
The slow rate of increase is illustrated in the 
flat type of curve also shown in this figure. 
Sternal bone marrow obtained on the day 
following the peak reticulocytosis was done 
during each course of therapy. The mar- 
row Was normoblastic and in a reactive state 
at this stage of treatment. It was impos- 
sible to differentiate these marrow prepara- 
tions on the basis of the therapeutic sub- 
stances employed. To all intents and pur- 
poses the bone marrow response was essen- 
tially identical to each form of therapy. 
Case 2. E. 8. (nutritional macrocytic 

anemia). This 75 year old white married 
male was seen by us for the first time on 
June 28, 1943, the date of hospitalization, 
with complaints of weakness, anorexia, car- 
diac palpitation, dyspnea, vertigo, soreness 
and redness of the mouth and the tongue, 
severe paresthesias and numbness of the 
hands and feet, burning of the soles of the 


while 


of peripheral blood. shows 


response 


feet, and soreness of the calf and thigh 
muscles bilaterally. He had a _ chronic 
intermittent diarrhea consisting of 3 to 6 


loosely formed, brown-colored stools a day 
which were never characterized or described 
as being frothy, foamy, voluminous or foul- 
smelling. All of these symptoms were ap- 
proximately of 1 year’s duration during 
which time he had lost 15 to 20 pounds of 
weight. A diet history revealed a deficient 
intake of thiamine (B,) and niacin. He had 


eaten no meat for the preceding 8 years and 
had eaten only small amounts of cooked liver 
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during this period of time. 
Physical examinations revealed a severely 
pale man whose skin had a slightly yellow 
tinge. There were 2 large purpuric lesions 
over the left forearm and hand. His tongue 
was pale and edematous with many fissures 
over the dorsum, and there was evidence of 
old cheilosis bilaterally. Peripheral arterio- 
sclerosis was present to a moderate degree 
The neurologic examination revealed hyper- 
esthesia to pin prick in the regions around 
both elbows. A stocking type hypesthesia 
to light touch was present over the lower 
extremities, and there was a reduction in 
vibratory sense of 30% in the arms and 80 
to 90° in the legs bilaterally. Calf muscle 
and nerve trunk tenderness was exquisite. 
Position sense was intact. There were no 
pathologic reflexes present. The knee jerks 
and ankle jerks were hyperactive bilaterally ; 
otherwise the were physiologic. 
Laboratory data revealed a negative blood 
Klein, an essentially normal gastro-intestinal 
Roentgen ray series and chest Roentgen ray, 
and normal urinalyses and stool analyses. 
A gastric analysis showed hypochlorhydria 
and the presence of rennin and pepsinogen 
after histamine stimulation. The icterus 
index was 16 units. The sternal bone mar- 
row revealed arrest at the megaloblastic 
level. Hematologic studies showed an 
erythrocyte count of 670,000, a hemoglobin 
of 2.9 gm. (18°), and a leukocyte count 
The patient remained in the hospi- 


occasionally 


reflexes 


of 1750. 
tal until March 11, 1944, during which time 
many substances were assayed for hemato- 
logic activity. The hematologic responses 
obtained with these substances are not 
within the scope of this report and conse- 
quently are deleted from Figure 2. Suffice 
it to say that the patient was discharged 
with a red blood count of 3.4 million and 
hemoglobin of 11.3 gm. on that date. 

He was followed in clinic under non-specific 
therapy and gradually relapsed. He was 
readmitted to the hospital on Oct. 1, 1944 
with the symptoms and signs as were de- 
scribed on his first admission. A diet history 
revealed an inadequate intake of thiamine 
(B,) and niacin and a borderline adequacy 
of protein and vitamins A, B.(G) and C. 
Laboratory studies showed a slightly ele- 
vated icterus index and the presence of free 
hydrochloric acid and enzymes in the gastric 
secretions after histamine stimulation. Blood 
studies on October 1 revealed a red blood 
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count of 1.12 million, a hemoglobin of 
4.2 gm. (27%), a white blood count of 3250, 
a reticulocyte count of 2.6°,, and a PCV 
of 14. Blood indices were as follows: MCV 
125, MCH 37.5, MCHC 30. The color 
index was 1.2. The packed cell volume and 
blood indices determined prior to therapy 
on each occasion are shown in Table 3. 
Sternal bone marrow obtained during base- 
line studies showed arrest at the megalo- 
blastic level. By October 4, the red blood 
cell count was 1.03 million and the hemo- 
globin 4.2 gm., and therapy was instituted. 
The patient received 1 cc. of reticulogen 
I.M. every day for 15 days. The reticulo- 
cyte response was evident on the 3rd day 
of therapy, and a peak reticulocytosis of 
21.4% was reached on the 8th day of treat- 
ment as shown in Figure 2 and Table 4. 
When the reticulocytes began to increase, 
the patient volunteered that he felt much 
better in many ways. His appetite im- 
proved; he regained his strength; the symp- 
toms referrable to his glossitis and peripheral 
neuritis began to disappear. On Novem- 
ber 30, 58 days after therapy was instituted, 
the erythrocyte count was 5.95 million and 
the hemoglobin was 12.7 gm. The patient 
felt well and strong and had only residual 
numbness of his extremities which was be- 
lieved to be caused by arteriosclerosis. 
During 1945 the patient had 2 relapses 
and was treated with both whole blood and 
concentrated liver extract, as well as with 
several other substances. The treatment of 
these relapses and subsequent responses 
have been deleted from Figure 2 for the sake 
of clarity and conciseness. The patient 
received no specific anti-anemic therapy 
after September 1945, and by November 28 
his red cell count had reached a level of 
4.17 million and the hemoglobin was 11.5 gm. 
Thereafter he relapsed once more and 
was readmitted to the hospital on Feb. 4, 
1946. He had a recurrence of all the symp- 
toms described above. A diet history re- 
vealed a dietary very low in meat products 
and deficient in protein, iron and niacin, 
and of borderline adequacy in thiamine (B;). 
The physical examination was essentially as 
determined on his first admission in 1943. 
Hematologic studies done on the day of 
admission showed a red blood count of 
1.79 million, a hemoglobin of 6.9 gm. (44%), 
a white blood count of 4550, and a reticulo- 
cyte count of 0.1%. The packed cell vol- 
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ume and the blood indices are shown in 
Table 3. Gastric analysis done on this 
admission showed a histamine refractory 
achlorhydria and achylia. This was re- 
peated after an interval of 2 days, and 
again a histamine refractory achlorhydria 
and achylia was obtained. Sternal bone 
marrow aspirated during the baseline stud- 
ies was characteristic of megaloblastic arrest. 
An oral glucose tolerance test showed a 
slight lag period in absorption, but other- 
wise it was essentially normal. Urinalyses 
and stool analyses were essentially normal, 
and an icterus index obtained prior to 
therapy was 12.4 units. After satisfactory 
baseline studies were made, therapy was 
instituted. On that date, February 13, the 
red blood cell count was 1.46 million, the 
hemoglobin 4.3 gm., and the reticulocyte 
count 0.4%. The patient received 5 mg. 
of synthetic folic acid twice daily by 
mouth for a period of 12 days. The reticulo- 
cytes began to rise on the 5th day of this 
treatment, and a peak reticulocytosis of 
60.4% was reached on the 8th day as is 
shown in Table 4. The patient’s clinical 
response did not parallel the tremendous 
reticulocyte response. He did, however, 
experience the usual increase in well-being 
and increase in appetite along with the 
reticulocytosis. _ His glossitis improved stead- 
ily but at a slightly slow rate. His periph- 
eral neuritis remained essentially unchanged. 
On the 41st day after treatment had been 
instituted the red blood count was 3.81 mil- 
lion and the hemoglobin was 11.2 gm. (71%). 
This was the highest erythrocyte level 
reached after this course of therapy. 

The patient was again followed in the 
clinic and received no specific anti-anemic 
therapy. By June 4, 1946, he had relapsed 
and was admitted to the hospital on that 
day with an erythrocyte count of 2.49 mil- 
lion, a hemoglobin of 7.6 gm. (48°), a white 
blood count of 7000, and a reticulocyte count 
of 0.4%. Sternal bone marrow obtained 
at that time showed megaloblastic arrest. 
A gastric analysis done after histamine 
stimulation showed the presence of free 
hydrochloric acid as well as rennin and 
pepsinogen in the gastric secretion. The 
oral glucose tolerance tests were again es- 
sentially normal. The icterus index was 
14.1 units, and the urinalyses and stool 
analyses were essentially normal. By 
June 17, the red blood cell count was 1.60 
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nillion, hemoglobin 5.8 gm. and reticulocyte 
count 1.2%, and therapy was instituted. 
The patient received 7.5 gm. of synthetic 
5-methyl uracil twice daily by mouth for a 
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appetite which lasted for a short period of 
time as well as an increase in well-being 
following the initiation of therapy. The 
symptoms of his glossitis and peripheral 
























































period of 9 days. A peak reticulocytosis of neuritis remained essentially unchanged. 
31.2% was reached on the 7th day of The highest red blood count attained was 
therapy. The hematopoietic response of 3.13 million on the 21st day after the initia- 
this patient is shown in Table 4 and in __ tion of treatment. The hemoglobin at that 
Figure 2. There was an improvement of time was 9.2 gm. By the 54th day after 
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therapy shad been instituted, the erythro- 
cyte count had fallen to 2.22 million and 
the hemoglobin to 7.5 gm. The patient had 
clinically and hematologically relapsed once 
More 

Case 3. J.C. L. (tropical sprue). This 
3 vear old white male was admitted to the 
Calixto Garcia Hospital in Havana, Cuba, 
on Novy. 18, 1945, with complaints of weak- 
ness, vertigo and diarrhea. He dated the 
onset of his illness to 7 months prior to 
hospitalization At that time he noticed 
burning and soreness of the tongue and the 


occurrence of small, tender ulcers in his 


mouth At about the same time, he began 
to have from 10 to 12 bulky, frothy, foul- 
smelling, light-colored stools a day. Defe- 


cation was accompanied by colicky pain in 
the abdomen and by rectal burning. The 
patient lost his appetite, became weak, had 
shortness of breath, and lost 30 pounds in 
weight during the 7 months he was ill. His 
diet was evaluated as being deficient in 
animal protein, thiamine (B,) and niacin. 
Physical examination revealed an emaciated, 
pallid male. His tongue was slick and red, 
and he had a fine, generalized, scaly desqua- 
mation of the skin over the entire body. 
Laboratory studies showed a flat oral glu- 
COse tolerance curve, free hydrochloric acid 
and enzymes in the gastric juice after hista- 
mine stimulation, and a normal urinalysis. 
The stools had a pH of 5.5 and were “fatty.”’ 
Blood studies on admission showed a red 
blood cell count of 1.38 million and a hemo- 


Ire 3. The effect ot tole acid on the macro¢ yvtie anemia of tropical sprue 
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globin of 6.4 en Baseline studies were 
completed by November 29, and on that 
date the erythrocyte count was 1.57, the 
hemoglobin 7 gm. (45°7), and the reticulo- 
cyte count was 1.1 The PCV was 21, 
and the blood indice es were as follows: MCV 
134, MCH 44.5 and MCHC 30. These 
blood indices as well as those of Case 4 are 
shown in Table 5. Therapy was instituted 
on that date, 10 mg. of synthetic folie acid 
being given daily by mouth for 82 days. 
Figure 3 and Table 6 show the hematologic 
response effected in this patient. A peak 
reticulocytosis of 27.2°% was reached on the 
Sth day of therapy Sternal bone marrow 
study at this time was normoblastic and in 
a reactive state. Within 10 days after 
treatment had been instituted, his stools 
became normal in color. They were copious 
and semisolid on some days and small and 
well formed on others. His appetite im- 
proved; his strength returned: he gained 
weight; and there was a striking improve- 
ment in his glossitis. On the 61st day after 
treatment was initiated, his red blood cell 
count was 3.96 million and his hemoglobin 
was 12.7 gm. By this time his stools had 
become almost normal. Eighty-nine days 
after therapy was started, the erythrocyte 
count was 4.88 million and the hemoglobin 
13.3 gm. These were the highest levels 
obtained in this patient and represented a 
net increase in erythrocytes of 3.31 million 
and in hemoglobin of 6.3 gm. in a period of 
89 days. 
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Case 4. A. H. (tropical sprue). This 37 
year old white male was admitted to the Ca- 
lixto Garcia Hospital in Havana on March 23, 
1946, complaining of diarrhea and anorexia 
of 3 years duration. His illness began with 
severe meteorism followed by diarrhea con- 
sisting of 4 to 6 liquid or semiliquid, yellow- 
ish, foul-smelling stools a day. Defecation 
was accompanied by a sensation of rectal 
burning Anorexia became severe; his 
mouth and tongue became sore; he devel- 
oped paresthesias of the hands and legs, 
pain in the epigastrium, and profound weak- 
ness, all of which waxed and waned during 
that period of time. Four months prior to 
admission to the hospital, during a relapse, 
he received liver extract and some unknown 
medication for a period of 1} months from 
his private physician, and striking improve- 
ment followed this therapy. However, 
23 months prior to admission he began losing 
weight, and within this period of time he 
lost 25 pounds. He relapsed rapidly 1 month 
prior to admission. The dietary history 
indicated that for many years his diet had 
been inadequate in all nutrients. Physical 
examination revealed a severely emaciated, 
pale man who appeared extremely depressed. 
Sealing of the skin was generalized. Over 
the arms, knees and shoulders there were 
areas of hyperpigmentation of the skin. 
The tongue was slick and edematous and 
was a brilliant red at the tip and edges. 
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There were several blotchy red areas over 
the dorsum. The buccal mucous membrane 
also was red, but there were no ulcerations. 
Abdominal examination revealed a tym- 
panitic percussion note but no other abnor- 
malities. Neurologic examination was essen- 
tially negative. Laboratory studies revealed 
a flat oral glucose tolerance curve, the 
presence of free hydrochloric acid and en- 
zymes in the gastric secretion after hista- 
mine stimulation, and a normal urinalysis. 
Stool examination showed a pH of 7.5 and 
an increase in total fat with a relative in- 
crease in fatty acids. Blood studies done 
on April 8, 1946, revealed a red cell count 
of 2.11 million, hemoglobin of 10 gm. (65%), 
a reticulocyte count of 1.2%, and a leuko- 
cyte count of 7700. The packed cell volume 
was 30, MCV 141, MCH 47, MCHC 33 and 
color index 1.5 as shown in Table 5. Sternal 
bone marrow showed typical megaloblastic 
arrest. By April 12 the red blood cell count 
was 1.97 million, the hemoglobin 8.7 gm., 
the reticulocyte count 1.2% and therapy 
was started. The patient was given 7.5 gm. 
of 5-methyl uracil by mouth twice daily for 
14 days and then 5 gm. a day for 49 days. 
The initial reticulocyte rise occurred on the 
5th day of therapy and reached a peak of 
17% on the 9th day. The hematologic 
response is shown in Figure 4 and Table 6. 
Aspirated sternal bone marrow obtained on 
the day following the peak reticulocytosis 
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Fra. 4.—The effect of 5-methyl uracil on macrocytic anemia of tropical sprue. 
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was normoblastic and indistinguishable from 
the sternal bone marrow obtained from 
Case 3 at an analogous time during the 
latter's reticulocyte response to treatment 
with synthetic folic acid. After 8 days of 
treatment there was a striking increase in 
the patient’s appetite. His tongue became 
normal subjectively, and there was tempo- 
rary objective improvement; but both of 
these subsequently relapsed. His stools 
decreased to 1 a day, were dark brown in 
color, and tended to be normal in consistency 
although they were not well formed. By 
the 63rd day after treatment had been insti- 
tuted, the red cell count was 4.03 million, 
and the hemoglobin was 13.7 gm. (89°). 
Therapy was maintained on this patient 
and a maximum erythrocyte count of 
4.76 million was attained on the 139th day of 
treatment. The hemoglobin on that day 
was 12 gm. (78°). These figures are not 
included in Table 6 or in Figure 4. By 
this time the patient felt well and strong 
and had no subjective complaints. 


Discussion. An analysis of Figure | 
brings out certain points of apparent dif- 
ference in the hematologic responses of a 
patient with the macrocytic anemia of 
pernicious anemia in relapse who received 
concentrated liver extract, synthetic folic 
acid and synthetic 5-methyl uracil on 3 
At the time of admin- 
istration of each of these substances, this 
patient’s erythrocyte count was essentially 
the same. Because of this and because of 
the fact that his general condition at the 
time of each separate course of therapy 
was also essentially the same, it is reason- 
able to expect almost identical reticulo- 
cyte responses to each of these substances 
if they are equally hematologically effec- 
tive. It is clearly evident that such 
identical were not obtained. 
The reticulocyte peak was highest with 
concentrated liver extract, next highest 
with folic acid, and lowest with 5-methyl 
uracil. Differences in rate of red cell 
With concentrated 
iver extract as the therapeutic agent, 
here was an increase in erythrocytes of 
3.69 million per c.mm. of peripheral blood 
This brought 


different occasions. 


responses 


rise are also evident. 


na 57 day period of time. 
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the red blood count of Case 1 to 5.08 mil- 
When synthetic folic acid was used 
as the therapeutic agent, there was a red 
cell increase of 3.33 million in a similar 
period of time (65 days). This rise 
brought the patient’s red cell count to 
4.97 million. When synthetic 5-methyl 
uracil was employed as the only form of 
anti-anemic therapy, the erythrocyte level 
reached a peak of 2.39 million in 21 days. 
This represented a net increase in red cells 
of 530,000. By the 60th day after therapy 
had been instituted, the patient had al- 
ready relapsed. An analysis of the 3 clinical 
responses attained in Case 1 to each of 
the substances employed in therapy is a 
far more difficult matter. Upsurge in well- 
being is almost indescribable; yet it is a 
very definite and important reaction. 
This upsurge in well-being occurred at 
about the same time in Case 1 when 
either concentrated liver extract or syn- 
thetic folic acid was the therapeutic agent. 
In effect there is little noticeable differ- 
ence in the time of its occurrence or degree 
of its magnitude when either of these 
substances is used. There is a noticeable 
and very definite lag period in the time 
of onset in this sign of improvement when 
15 gm. of synthetic 5-methyl uracil is the 
sole therapeutic agent given daily. Using 
this substance, we have been impressed 
by the fact that this reaction usually oc- 
curs some 3 to 5 days later than it does 
with either folic acid or liver extract. In 
Case 1, however, the manifestations of an 
upsurge of well-being never occurred when 
5-methyl uracil was administered. The 
symptoms referable to glossitis are more 
consistently relieved by concentrated liver 
extract and folic acid than by 5-methyl 
uracil in the dose given. It has been ob- 
served that there has been no change in 
the glossitis in several of our patients 
treated with this latter substance. An 
increase in appetite and disappearance of 
weakness occurred with the same rate of 
speed in Case 1 when either liver extract 
or folic acid was administered. Initially 
this patient showed a similar response to 
5-methyl uracil, but soon the response was 


lion. 





lost The S\ I ptoms re ferable to par- 
esthesias are much more often relieved 
with concentrated liver extract than with 
either folic acid or 5-methyl uracil. In 
general it can be said that, with the use of 
either sufficient concentrated liver extract 
or sufficient synthetic folic acid, there 
occurred an almost identical clinical re- 
sponse and subsequent improvement in 
Case 1 but that the height of the reticulo- 
cyte response and the rate of the red cell 
rise was of a slightly lower order following 
the administration of folic acid than it 
was following concentrated liver extract 
therapy. Synthetic 5-methyl! uracil effect- 
ed a less dramatic clinical and hematologic 
response than did either concentrated liver 
extract or folic acid. 

Figure 2 represents the hematologic re- 
sponse of Case 2 (nutritional macrocytic 
anemia) to these same 3 substances. The 
reticulocy te response to folic acid was tre- 
mendous, but the rate of red cell rise was 
definitely slower than it was with the use 
of concentrated liver extract in dosage 
described. When liver was administered 
for 15 days, there was an increase in 
erythrocytes of 4.92 million over a period 
of 58 days. When folic acid was given, 
the increase in erythrocytes was only 
2.35 million over a 41 day period; and a 
count of 4 million red blood cells was never 
reached. The reticulocyte response and 
the rate of red cell rise following 5-methyl 
uracil therapy were both of a lower order 
than those obtained by the use of either of 
the other 2 substances. The clinical re- 
sponses of this patient to these 3 sub- 
stances in the doses given were of the 
same order and magnitude as discussed 
under Case 1. 

A comparison of Figures 3 and 4 shows a 
less dramatic hematologic response to syn- 
thetic 5-methyl uracil than to synthetic 
folic acid in persons with the macrocytic 
anemia of tropical sprue. The delayed 
clinical response following the administra- 
tion of 5-methyl uracil is obvious to those 
who have used both substances. Folic 


acid in some fashion acts very much as 


does liver extract in that there is some 
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indefinable general systemic effect which 


manifests itself as a generalized increase 


al 
in strength or well-being or state of mind. 
Synthetic 5-methyl uracil does not have 
this function to the same degree at the 
dose level used by us. 

The observed differences in the hemato- 
logic response to concentrated liver extract 
and synthetic folic acid are almost aca- 
demic. The clinical response to folic aeid 
is good, and it is almost identical with 
that of concentrated liver extract. How- 
ever, for constancy and speed of reaction, 
concentrated liver extract is the more pre- 
dictable of the 2 substanees. The rate of 
red cell rise following folic acid therapy 
in these macrocytic anemias is somewhat 
slower than that which follows the ad- 
ministration of concentrated liver extract. 
Each substance has its advantage. Folie 
acid is easy to administer, and only small 
amounts by mouth are required for a very 
good response. Concentrated liver extract 
sometimes causes a more rapid increase 
in red cells. Synthetic 5-methyl uracil 
probably has no place in practical thera- 
peutics. It has the distinct disadvantages 
of being effective only in very large 
amounts and of producing a clinical and 
hematologic response of a lower order than 
those effected by either concentrated liver 
extract or synthetic folic acid. Scientifi- 
cally, however, 5-methyl uracil is of great 
importance. The authors are dubious that 
synthetic folic acid or synthetic 5-methyl 
uracil will prevent the development of the 
neural disturbances of Addisonian per- 
nicious anemia. 

These observations support the current 
idea that liver contains multiple anti- 
anemic substances. It is known that there 
is not enough folic acid in concentrated 
liver extract or crude liver extract to 
account for the activity of these various 
preparations. Obviously there is not 
enough 5-methyl uracil present. There 
still remains an unknown or a group of 
unknowns in liver which effect hemo- 
poiesis. It is our opinion, and the opinion 
of others, that 5-methyl uracil may be 
converted into folic acid, possibly in the 
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intestinal tract, and in that manner cause 
maturation of red blood cells. This idea 
is not borne out by the substitution ex- 
periments of Stokes. How folic acid per- 
forms its function is as moot a question 
as that of how liver extract functions in 
such very small amounts. These are prob- 
lems to be solved by the physiologists, 
biochemists and hacteriologists. 

Summary and Conclusions. Compura- 
tive clinical and hematologic studies on 
the macrocytic anemia of pernicious ane- 
mia, of nutritional deficiency, and of 
tropical sprue, by the use of concentrated 
liver extract, synthetic folic acid, or syn- 
thetic 5-methyl uracil are presented. The 
points of difference in the clinical response, 
the reticulocytosis and rate of red cell 
rise following the administration of each 
of these 3 substances are discussed. 

The hematologic findings show. that 
under the conditions of the study and in 


the dosages used, each of these 3 > sub- 
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stances Causes a remission. The clinical 
and hematologic response to folic acid 
parallels that which occurs following con- 
centrated liver extract therapy, but the 
rate of regeneration is greater with potent 
liver extract. We especially recommend 
folic acid where there is sensitivity to liver. 
Svnthetic 5-methy! uracil is the least effec- 
tive of the 3 substances. The rate of red 
cell rise and the peak attained is definitely 
of a lower order than that obtained with 
either synthetic folic acid or concentrated 
liver extract. While 5-methy! uracil is of 
great scientific interest, it has no practical 
therapeutic value at the dosage level re- 
quired to maintain a normal red blood 
count. From these and other studies it 
seems to the authors that the active prin- 
ciple in liver extract is not folie acid but 
is a very powerful substance which, when 
obtained in pure form, probably will be 
no more efficacious per unit weight than 
is folic acid, 
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Viiwa® on the basis of extensive clinical 
trial advocates nicotamide in the treat- 
ment of various types of liver dysfunction. 
This drug appears to produce a striking 
remission of jaundice, provided the liver 
damage has not reached the irreversible 
stage. 

The effect of nicotinic acid on the bile 
excreting function of the liver is the sub- 
ject of the present investigation. The 
results obtained fully support Villa’s con- 
clusions. 

As shown by Mattei,’ 60 to 90 minutes 
after an intravenous injection of 30 mg. 
of sodium nicotinate, the level of the in- 
directly reacting serum bilirubin rises, 
remains high for 2 to 3 hours, and then 
drops slowly to normal in 6 to 8 hours 
(Fig. 1). 

This technique is obviously valuable 
for investigating the function of the liver 
to excrete bile, since it acts as an endo- 
genous bilirubin tolerance test. The 
cholemic effect of nicotinic acid seems to 
be specific, as several closely related sub- 
stances (nicotamide, niketamide) as well 
as a number of compounds with similar 
pharmacological action (histamine, acetyl- 
choline and epinephrine) appear to be 
inactive. Injections of histamine or epi- 
nephrine cause a change in the serum bili- 
rubin level, but the rise is never higher 
than that observed during the normal 
diurnal fluctuation. 

In studying the mechanism of the action 
of nicotinic acid, we also observed the 
behavior of serum chlorides, uric acid, 
erythrocytes and reticulocytes after the 
injection of this agent. Since these con- 
stituents were not significantly changed, 


it appears fairly certain that nicotinic 
acid does not mobilize bile pigments from 
tissue reserve, nor cause an increase of 
the normal hemolytic process. It is, 
however, possible that nicotinic acid 
activates normal oxidative processes, since 
it is known, for instance, that copropor- 
phyrin, which is present in large amounts 
in pellagra blood (Frontali'), is strikingly 
diminished after nicotamide therapy. Ac- 
cording to Kiihnau,’ nicotinic acid is im- 
portant in the normal catabolism of blood 
pigments. 

We have so far studied the bilirubin 
response to nicotinic acid in 42 patients 
with hepatic disease. These patients were 
also studied with other liver function tests 
following Watson’s profile scheme.** The 
results with the nicotinic acid test clearly 
show that the capacity of the liver to 
excrete bile is measured. When this func- 
tion is deficient, the serum bilirubin level 
is still high after 8 hours, and directly 
reacting bilirubin is present in the blood. 

In non-jaundiced patients in which the 
bilirubin level is elevated, the bilirubin 
curve is normal, showing that the function 
to excrete bile is unimpaired even when 
hepatic dysfunction of varying degree is 
indicated by other function tests. 

A higher response to nicotinic acid is 
observed in jaundiced patients whether 
caused by infective hepatitis, obstruction, 
arsenical poisoning, cholangitis, or other 
factors. This is probably due to two fac- 
tors: (1) the mobilization of pigments 
from the tissues into the blood stream, and 
(2) the elimination of this excessive bili- 
rubin in the blood depending on the effici- 
ency of the excretory function of the liver. 
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In cases involving only the first factor, 
a marked rise of total and directly reacting 
bilirubin is observed, but after 8 hours the 
level is back to normal, due to the effici- 
ency of the liver to excrete pigments. 
Several diseases of the liver of which the 
recovery stage of infective hepatitis is 
typical show this type of curve (Fig. 2). 
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to rise after the Sth hour (Fig. 4). Condi- 
tions in which this was observed were 
obstruction from new growth and from 
calculi as well as in the early icteric stage 
of infective hepatitis. 

It is worth recording the paradoxical 
effect we observed in a case of jaundice 
due to poisoning from parenteral arsenic. 
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Serum bilirubin 


.~~. Direct reacting bilirubin 


In cases involving a disturbance of the 
biliary excretion function, the level of 
both the total and the direct reacting 
bilirubin rises and remains high even after 
‘ hours (Fig. 3). If complete blockage of 
the bile excretion exists, the total and the 
direct reacting bilirubin levels continue 


The total and direct acting bilirubin re- 
mained unchanged for the first 60 to 90 
minutes, then dropped slowly to much 
lower levels. The rapid excretion of bili- 
rubin, possibly due to the stimulation by 
nicotinic acid, is a satisfactory explanation 
and suggests why nicotinic acid has pro- 
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phylactic and therapeutic activity in liver 
poisoning from drugs such as arseno- 
benzene 

Two of our observations « learly demon- 
strated that the behavior of serum bili- 
rubin after nicotinic aeid is strictly de- 
pendent on thi capacity of the liver to 
excrete biliary pigments. In one patient 
suffering from jaundice of 5 months’ 
duration due to chronic cholangitis, who 
underwent a choleecystostomy, the intra- 
venous injection of nicotinic acid was 
followed by an increased excretion = of 
bilirubin in the bile. It rose from 0.4 to 
1.36 mg. per 100 ce. with the maximum 
at the third hour. In another patient, 
a case of infective hepatitis in the early 
stage, a curve of the tvpe civen in Fig. 4 
was observed \fter 5 days the test was 
repeated and found that the curve for 
bilirubin after nicotinie acid was normal 
which indicated that the biliary excretion 
of the liver was completely restored and 
suggests that this function is only tempo- 
rarily depressed in infective hepatitis 

Summary. The serum bilirubin level 
was followed for S hours after the injection 
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of 30 mg. of sodium nicotinate in several 
tvpes of liver disease to demonstrate 
experimentally the therapeutic value of 
this agent. Ina normal subject, nicotinic 
acid causes a rise of the indirect reacting 
bilirubin level for 3 to 5 hours. Such an 
auction is not observed when other sub- 
stances similar to nicotinie acid, either in 
structure or pharmacological action, are 
injected. The test is strictly dependent 
on the liver’s capacity to excrete bile. 
Cholesterol and bile salts do not generally 
follow the variations of bilirubin. The 
reason for this is still uneertain and 1 
being further investigated. 

In 42 patients the bilirubin curve was 
found not to be typical for any particular 
tvpe of liver disease, but depended on the 
capacity of the liver to excrete bile pig- 
ments. When this function was impaired 
the serum bilirubin remained high and 
direct reacting bilirubin appeared. 

In a patient with long standing jaundice 
who underwent a cholecystostomy a direct 
stimulation of the liver’s function to 


excrete bile was demonstrated. 
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ATYPICAL ANEMIA, WITH SPHEROCYTES AND TARGET CELLS 
COEXISTING IN THE BLOOD 
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SOMETIME CHIEF ASSISTANT TO A MEDICAL UNI’ IN THE HOSPITAI WORKING IN THE 
EMERGENCY MEDICAL SERVICE 
TarGcer cells, studied in detail by globin rose to “71‘;,” but this appeared 
Barrett, are very thin cells which in unrelated to treatment. In June 1945 he 


stained films have a deeply staining center 
s0'that they look like a bullseye; because 
of their the volume-thickness 
ratio is large, so that they can absorb 


thinness, 


large volumes of fluid from hypotonic solu- 
tions before they rupture, that is, they 
have properties opposite to those of the 
spherocyte, and in particular they show 
decreased fragility. They are most evi- 
dent in sickle cell anemia and in Cooley’s 
erythroblastic anemia of childhood*® and 
its adult form,®?° all of which show de- 
creased red cell fragility, lysis being inap- 
salt concentrations greater 
NaCl. Such cells are, how- 
ever, common in other conditions, notably 


preciable at 
than 0.35 °°; 


»bstructive jaundice and iron deficiency 
inemia of color index below 0.6, and there 
show their resistance to lysis by hypotonic 
olutions quite clearly. 

This case is presented because target 
cells and spherocytes coéxisted in the 
ilood, so that lysis of red cells was just 
ippreciable in 0.60°% NaCl, 50° complete 
n 0.335°, NaCl, but incomplete in dis- 

lled water. 


Case Report. A male office worker, aged 
7, had always been in good health until in 
‘ovember 1944 he developed a cough and 
iticed that he was becoming pale and weak. 
le was admitted to Hertford County Hospi- 
|, where no disease was found in his lungs, 
it the liver was found palpable 2 inches 
low the costal margin. The spleen was 
t palpable. His hemoglobin was “ 
d ‘bizarre’ changes were noted in the 
ained film. He remained in hospital for 
weeks, receiving preparations of iron, vita- 
ns and liver; during this period the hemo- 


"oo Ye 


was referred to Dr. Geoffrey Evans at Cell 
Barnes Hospital (E. M. 8.) for further 
investigation. 

There was no family history of anemia; 
his sister and his 2 children had normal 
hemoglobin levels and showed no abnormali- 
ties in the stained film. His parents and 
grandparents were not related, and were to 
the best of his knowledge, of English’ country 
stock (without any admixture of Levantine 
blood). He complained only of weakness and 
lassitude, with shortness of breath on exer- 
tion. He slept poorly. He was a well-built 
man with a sallow, subicteric complexion, 
and had received in childhood a fracture of 
the nose to which he, and ourselves, attrib- 
uted a slightly mongoloid appearance. There 
was moderate pallor of the mucosa, gross 
dental caries and pyorrhea alveolaris. The 
lungs were clear, the heart normal except 
for a localized apical systolic bruit. The 
liver was palpable 13 inches below the costal 
margin, but the spleen was not clinically 
enlarged. There was no enlargement of 
lymph nodes, no leg ulcers, and no changes 
in the skull or in the long bones could be 
detected. 

INVESTIGATIONS. Radiologic: long bones, 
skull and alimentary tract were normal; 
the spleen was enlarged to about twice its 
normal size; chest normal. 

Chemical: gastric analysis was normal; 
stools contained no occult blood; urine con- 
tained excess urobilin. 

Gastroscopy (G. W.) showed only extreme 
pallor of the mucosa; sigmoidoscopy (Dr. 
Evans), no abnormality found. 

Blood and marrow (June 26, 2945): Hemo- 
globin, 52°, (7.4 gm. per 100 ec.); erythro- 
cytes, 3,600,000 per ¢.mm.; hematocrit, 
27.6%: eolor index, 0.73; M.C.V., 77 cu: 
M.C.H.C., 26.8%; M.C.H., 20.6 yy; halom- 
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eter reading, 8 u; Price-Jones curve, mode 
8 uw, mean 7.12 uw; standard deviation, 1.29 yu; 
coefficient of variation, 18.15%; M.C.T., 
1.38 u; fragility (linear on arithmetic proba- 
bility paper), from 0.6%. NaCl (0.27% lysis) 
to 0.16°, NaCl (96.8% lysis); a few cells 
intact in distilled water; M.C.F., 0.355% 
NaCl; standard deviation, 0.0875° NaCl 
(normal M.C.F., 0.422 +0.0284%; standard 
deviation, 0.03025 +0.00354 7) .1° 
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Fie. 1.—Peripheral blood, X 400; Leishman’s 
stain. 


Leukocytes, 5300 per c.mm.; immature 
myeloid cells, 5°% (including a few myelo- 
blasts); mature neutrophils, 32.57; eosino- 
phils, 9.59%; lymphocytes, 43.59; mono- 
cytes, 5.5°%; plasma and Tiirk cells, 1%. 
Nucleated red cells, with small pyknotic 
nuclei and scanty, ragged, orthochromatic 
cytoplasm, were present; 95 to 1000 leuko- 
cytes (about 500 per e.mm.). The erythro- 
eytes showed extreme anisocytosis, with 
some very small but few very large cells, 
poikilocytosis and anisochromia; many pes- 
sary cells, target cells and spherocytes were 


present. Reticulocytes were scanty, never 


more than 1°; Howell-Jolly bodies were 
few and Cabot’s rings were not seen. No 
sickling occurred in sealed preparations ob- 
served over a period of 48 hours. Grouping 


(Dr. Mourant): Al, Rhl, Rh2; Coomb’s 
test?§ for adsorbed globulin negative. 

Bilirubin: direct reaction, negative; total, 
0.8 mg. per 100 ec.; Wassermann and Kahn 
tests negative. 

Sternal marrow (Nomenclature Scott*!): 
cellularity increased; leuko-erythrogenetic 
ratio, 0.227; erythropoiesis normoblastic, 
granulopoiesis shows many “P.A. giant 
stabs.”” Count: reticulum cells, 1.4%; 
myeloblast, 3.2°%; promyelocytes, 2.6%; 
neutrophils: myelocytes, 7.8°%; juveniles, 
3.8%; stabs, 2.6% (of which half were giant 
forms) ; segmented, 2%; eosinophils: myelo- 
cytes, 2.4%; others, 0.6%; basophil myelo- 
cytes, 0.2°%; lymphocytes, 1%; plasma cells, 
0.8°; monocytes, 0.2%; normoblasts: pro- 
normoblast, 6%; basophilic, 11.6°%; poly- 
chromatic, 37.4%; orthochromatic, 19.6%; 
unclassified, 1°%. Mitoses: granular cells, 
0.47; erythroblasts, 2.2%. 

Cytologic abnormalities were numerous 
and prominent, and were studied in Leish- 
man and Feulgen smear preparations; among 
the granulocyte precursors there was nucleic 
acid starvation comparable with that seen 
in pernicious anemia, leading to the pro- 
duction of the tetraploid giant “stabs” once 
thought to be as characteristic for pernicious 
anemia as are the changes in the erythro- 
blasts. Amoag the erythroblasts the out- 
standing feature was the breakdown of the 
normal spindle development and its replace- 
ment by abnormal multipolar spindles; of 
100 mitoses, 55 were multipolar, 10 bipolar, 
and 35 unclassifiable because of clumping 
of the chromosomes. Many of the multi- 
polar figures showed incomplete separation 
at anaphase, with persistent bridging leading 
to the restitution of a single, large (up to 
16 «) distorted, hyperploid, resting nucleus: 
frequently micro-nuclei, derived from chrom- 
osomes which had become detached from the 
spindle, were also present, and a few cells 
containing up to 20 micro-nuclei were found 
These last are presumably the product of a 
cell division in which many chromosomes 
became dissociated from the spindle and 
failed to constitute a daughter-nucleus. Ih 
addition, hypoploid mitoses were present, 
an occasional cell showing as few as a doze! 
chromosomes in a tri-polar mitosis. Cel 
division occurred mainly in cells correspond 
ing to the “‘normoblast B”’ of Israels," wel 
differentiated, with much heterochromatin 
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and with polychromatie or orthochromatic 
cytoplasm. 

Procress. No definite diagnosis was 
made. The patient received iron (ferrous 
sulphate), parenteral liver extracts of known 
potency (Anahemin, Plexan), and proteo- 
lyzed liver by mouth (Hepamino) and vita- 
min supplements, and his hemoglobin rose 
Col. A. M. Washburn, M.C., 


wain to 71°;. 





week he had become much worse and was 
dyspneic on the slightest exertion. 

Studies now showed: Blood: hemoglobin, 
38% (5.4 gm. per 100 ce.); erythrocytes, 
2,500,000 per ¢.mm.; hematocrit, 21.5%; 
color index, 0.76; M.C.V., 86 ex; M.C.H.C., 
25%; leukocytes, 7400 per ¢.mm.; stained 
film, differential count and bilirubin showed 
little change. 
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Fig. 2.—Erythroblasts in bone marrow; Feulgen stain: 


A, multiple micronuclei, X 800; B, 


anaphase bridge and multipolar spindle, X 950; C, breakdown of spindle, X 950. 


U.S., kindly saw the patient with us, but 
as equally puzzled. Splenectomy was con- 
dered, in view of the evidence of increased 
molysis and of spherocytosis, but was 
stponed, and the patient discharged to 
‘main under observation. On September 12 
was readmitted; during the previous 





He did not improve after a weeks rest, 
and the rise in hemoglobin after a transfu- 
sion of 500 cc. blood was evanescent; he 
developed fever up to 99°, and purpuric spots 
appeared on his trunk. It was decided to 
perform splenectomy before his condition 
became critical. The operation was per- 
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formed by Mr. J. P. Hosford on October 2, 
after transfusion of 1000 ec. packed red cells, 
which raised the hemoglobin to 40%: a 
blood film taken during anesthesia showed 
about 1 mature normoblast to every 50 red 
corpuscles, or about 70,000 per e.mm. The 
spleen, enlarged to twice the normal size, 
and a splenunculus about 1.5 em. diameter, 
were removed, but 8& hours later, after 
recovery from the anesthetic, the patient 
collapsed with a feeble pulse (rate 120), and 
slgNs ol collapse of the right lower lobe: he 


never recove red and died | hours later. 























Fic. 3 Giant ‘‘stab’’ neutrophils, & SOO; 


Feulgen light green. 


Autopsy (G. D.) 12 hours after death: 
External: rigor mortis and hypostasis pres- 
ent; left-sided Kocher incision. Head and 
brain normal; mouth, gums retracted and 
infected, several carious stumps; tongue, 
thy roid, normal. Chest. pericardium con- 
tains 50 ec. straw-colored fluid; epicardial 
fat increased, ventricles dilated, myocardium 
fatty and friable, small subendocardial 
hemorrhages in wall of left ventricle: great 
vessels normal. Respiratory organs: diffuse 
tracheobronchitis with submucous hemor- 
rhages, increasing in severity in the smaller 
bronchi; erosion of mucosa at end of endo- 
tracheal tube patchy collapse of the lungs, 
involving whole right lung and left lower 
lobe, collapsed regions intensely engorged 


and edematous \limentary system normal. 


Operation site: about 50 ee. blood as a firm 
clot over sutures, otherwise no blood in 
peritoneal cavity. Liver, 3 pounds 12 ounces, 
pale. Suprarenals normal. Kidneys, left 
7 ounces, right 6 ounces, cortex pale, other- 
wise normal. Femur, vertebra, ribs, skull, 
all contain red marrow. 

Hisrotocy. Trachea: mucosal atrophy 
with hyperemia of submucosal vessels, some 
epithelial desquamation. Lungs: all vessels 
engorged; patchy collapse and compensa- 
tory emphysema and edema; the bronchioles 
contain a cellular mononuclear exudate and 
there is sloughing of their epithelium; in 
some areas an acellular exudate appeared 
to close the alveoli as in ‘rheumatic pneu- 
monia.”” Heart: myocardium shows slight 
fatty change. Liver: definite increase in 
free iron, confined to the liver cells; bile 
pigment increased in the center of the 
lobules; the sinusoids are dilated and con- 
tain many erythroblasts, and the portal 
tracts are infiltrated with erythroblasts 
definite myeloid metaplasia. Kidney: recent 
cortical necrosis; in the pelvie fat there is a 
focus with the structure of bone marrow. 
though no bone is present; the predominat- 
ing cell is an erythroblast; there is no excess 
of free iron. Pancreas and testis, normal. 
Bone marrow: hyperplastic, the predomi- 
nating cell being an immature polychro- 
matic normoblast, but granular cells are 
common. Spleen: there is a considerable 
increase in free iron, both in macrophages 
and in the tissue of the pulp, and an increas¢ 
in the fibrous tissue; the pulp is packed with 
blood containing many erythroblasts, and 
there is some myeloid metaplasia, most 
marked in the splenunculus; there is some 
ervthrophagocytosis, but this is not a promi- 
nent feature. Lymph nodes: the general 
architecture is preserved; the sinuses are 
packed with blood containing erythroblasts 
but there is no true myeloid metaplasia 
Anatomie diagnosis: pneumonia (virus type 
cortical necrosis of the kidney, hyperplasi: 
of bone marrow with myeloid metaplasia 11 
liver, spleen and renal pelvie fat. 


Discussion. The anatomic changes 
this patient are not specific, but are com 
mon to many types of anemia in man 
und to some syndromes in animals; it dif 
fers}from pernicious anemia only in th 


normoblastic type of erythropoiesis an 
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in the focus of erythrogenesis in the renal 
pelvie fat. For this reason, study of the 
peripheral blood and of the cytogenesis 
of the red cell is more likely to prove 
fruitful than is the classic histologic ap- 
proach; it is obvious that details of cell 


structure can be studied more satisfac- 
torily in smears of cells dissociated from 
their surroundings and suitably treated, 
rather than in sections, where the cell 
retains the roughly spherical shape it had 
when living. 























\ 
- 

% a 

7. . 
* > . 
% ; 4 , : 

se, S@ * 

wy i ‘ is 











bia. 5.— Renal pelvie fat, & 150; Barratt’s stain. 
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CytoLocy. The changes in this patient 
are not unlike those described in perni- 
cious anemia by La Cour,’ but differ in 
that cell division is proceeding in a much 
more mature cell; in pernicious anemia di- 
vision occurs chiefly at the promegaloblast 
and megaloblast “ A” stage, and is compar- 
atively rare in more mature cells; a much 
larger proportion of the multipolar mitoses 
of pernicious anemia appear to yield good, 
though hypoploid, cells. There can be 
no doubt that this patient suffered from 
some condition which was not pernicious 
anemia, for the resting nuclei differed 
markedly from those of any pernicious 
anemia marrow yet seen, whether in re- 
lapse or in remission: it was normoblastic, 
not megaloblastic, using the terms in the 
same way as Ferrata,” and Israels, but 
the normoblasts were abnormal. Several 
cases of hemolytic anemia, congenital and 
acquired, have been examined critically, 
but these show only very rare multipolar 
spindles, or anaphase bridging. The es- 
sential lesion appears to be the breakdown 
of spindle formation, yielding hyper- and 
hypoploid cells which undergo denuclea- 
tion to yield red corpuscles that vary 
extremely not only in diameter but also 
in thickness. 

The presence of micronuclei in this case 
led one to compare them with the Howell- 
Jolly bodies so common in pernicious and 
hemolytic anemia. Both are Feulgen posi- 
tive, and hence composed largely of 
deoxyribose nucleic acid; they are sharply 
defined, unlike the nucleic acid shed from 
the nucleus under the influence of irradia- 
tion or of cytotoxic agents, and so pre- 
sumably have some inner structure. In 
material in which Howell-Jolly bodies are 
common in the peripheral blood, the bone 
marrow shows similar bodies in the cyto- 
plasm of nucleated red cells, while the 
mitotic figures of these cells show occa- 
sional telophases in which a single chromo- 
some remains between the 2 groups of 
chromosomes, either exactly midway be- 
tween, or else towards the margin of the 
cell, well outside the region of the spindle. 
One is forced to the conclusion that these 


bodies are not “nuclear remnants,” but 
chromosomes dissociated from the spindle. 
In most cases this occurs in an almost 
mature cell, in which spiralization of the 
chromosome fiber (chromonema) is com- 
plete or excessive, so that the chromo- 
somes are almost spherical and homo- 
geneous; in less mature cells the chromo- 
nema is more extended and the resulting 
body may appear heterogeneous. 

CuinicaL. Differential Diagnosis. Ini- 
tially this patient was thought to be 
suffering from familial acholuric jaundice 
which had become clinically evident dur- 
ing adult life. Such cases are not rare, 
and the absence of clinical splenomegaly 
is not significant, for we have seen 3 pa- 
tients with grossly enlarged spleens (1 
with myeloid leukemia) which could not 
be detected at the bedside; this occurs 
when the spleen is adherent to, or pressed 
up against, the cupola of the diaphragm.‘ 
The spherocytosis favored this diagnosis, 
though it is not, of course, pathognomonic 
of the condition,’ but the absence of 
reticulocytosis and the extremely wide 
range of fragility rendered the diagnosis 
untenable. For similar reasons the ordi- 
nary acquired hemolytic anemias could 
be excluded, for erythroblastemia of sig- 
nificant degree occurs only during, or just 
after a hemolytic crisis. Target cells 
were reported as a prominent feature in 
1 case,’® but this showed reticulocytosis 
and atypical agglutinins in the serum. 

The adult form of Cooley’s Mediter- 
ranean anemia is familial, and occurs al- 
most exclusively in persons of Levantine 
origin, especially in the offspring of cousin 
marriages. In favor of this diagnosis were 
the presence of target cells and erythro- 
blasts, hepato- and splenomegaly; but the 
patient was of pure English origin, his 
parents were not related, and none of the 
3 siblings was affected; while spherocytes 
do not occur in this. This diagnosis also 
was discarded. ; 

A leuko-erythroblastic reaction to mar- 
row deposits of carcinoma, lymphadenoma, 
or to tuberculosis of the spleen could at 
once be discarded, as could the erythro- 
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blastemia of chronic malaria, stated'’ to 
be particularly common in Algeria; in this 
infection splenomegaly is considerable, 
and also our patient had never left 
England. 

The condition bears little resemblance 
to the acute erythremia of Di Guglielmo,?® 
but differs comparatively little on the 
clinical side from the 1 case of Israels 
which was less acute. It is not unlike 
the erythroblastosis of fowls," which can 
manifest itself in all grades of severity. 

One must conclude either that this is a 
new syndrome, and that further cases will 
be recognized, or that it is an “ individual” 
response to some stimulus, comparable 
with the “acute erythromyelosis” of 
Garnier,” with 35,000 erythroblasts per 
c.mm., 6°% of which were in mitosis, which 
recovered in a month on treatment with 
liver extract. The only excuse for present- 
ing single cases is that others may profit 


by our observations, define the syndrome 
and develop a satisfactory treatment. 

One final point: usually erythroblast- 
emia is associated with reticulocytosis, 
though the 2 responses do not necessarily 
run parallel. Pittaluga,’* however, insists 
that “regenerative reticulocytosis has 
nothing to do with pathologic erythro- 
blastosis,” a rather surprising conclusion 
with which we are forced to agree. 

Summary. 1. A patient suffering from 
an obscure anemia which failed to respond 
to treatment and terminated fatally after 
splenectomy is described. 

2. This anemia is characterized by: (a) 
great variation in the resistance of the 
red corpuscles to lysis by hypotonic saline, 
manifested morphologically by the co- 
existence of target cells and spherocytes; 
and (b) breakdown of spindle development 
in partly differentiated erythroblasts. 

3. This appears to be a hitherto unde- 
scribed syndrome. 


We wish to thank Dr. Geoffrey Evans for permission to publish this case, and Mr. L. F. La Cour 
of the John Innes Horticultural Institute, who has advised us on the interpretation of the cytologic 


abnormalities and taken some of the photographs. 
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NITROGEN BALANCE AND BLOOD VOLUME STUDIES IN MAN DURING 
AND FOLLOWING REPEATED PLASMA TRANSFUSIONS’ 


By Friepa L. Meyer, Pu.D.4 
Joun Winstow HrirsHrevp, M.1). 
Wituiam E. Aspport, M.D. 
Matrruew A. Piniinc, M.D. 


Harotp H. Wiiirams, Pu.!).7 


AND 


ALLEN J. Ricwarps, B.S. 


From the Department of Surgery, Wayne University College of Medicine, and the Division of 
Surgery, City of Detroit Receiving Hospital, and the Research Laboratory, the 
Children’s Fund of Michigan 


Because of the wide use of plasma in 
the treatment of shock, and in certain 
cases of hypoproteinemia, there has been 
an increased interest in the fate or utiliza- 
tion of the plasma proteins. Elman!! re- 
viewed the literature up to 1943 and 
concluded that nitrogen balance can be 
maintained with plasma as the sole source 
of protein, providing the plasma employed 
causes no serious reactions. There is some 
controversy on this point, however, as 
the results of the nitrogen balance studies 
following intravenous infusion of plasma 
us reported by different laboratories have 
been at variance. It does not seem that 
these differences can be entirely explained 
by reactions to the injected plasma. Most 
of this work has been carried out on dogs 
which have received injections of dog 
plasma. Hegsted, Hay and Stare'’ have 
found through growth studies in rats that 
human albumin is deficient in isoleucine 
and tryptophane. However, they demon- 
strated that oral feeding of this protein 
maintained nitrogen balance in adult dogs. 
These species differences in the require- 
ments of specific amino acids make it 
difficult to reach any satisfactory conclu- 
sion on the fate of human plasma injected 
in human beings from animal experiments. 


Excluding conditions of shock, or the 
first several weeks following a burn or 
fracture, when nitrogen excretion is known 
to be increased above the normal,!*:?° there 
seem to be only 3 reports on nitrogen 
balance when human plasma was trans- 
fused into apparently normal individuals. 
Kreman, Hall, Koschnitzke, Stevens and 
Wangensteen,”! and Wangensteen, Hall, 
Kremen and Stevens® compared the use 
of human plasma with bovine plasma, 
and Muether and Andrews” reported some 
studies on 6 patients in conjunction with 
methods of preserving blood. None of 
these studies in humans included the 
alterations in plasma volume or hemato- 
crit which resulted from the transfusion. 
Although there is information on such 
changes immediately, or a few days fol- 
lowing a single transfusion,» ®?8 there 
are no reports on such alterations in the 
late post-transfusion period following re- 
peated injections of plasma. The follow- 
ing study was, therefore, undertaken to 
obtain more information on the effect of 
human plasma transfusions on the nitro- 
gen balance in man, and on changes in 
plasma volume, plasma _ proteins and 


hematocrit. 


* This work was carried out in part under a contract recommended by the Committee on Medical 
Research between the Office of Scientific Research and Development and Wayne University. It was 
also supported in part by a grant from the Theodore A. McGraw Fund. 


+ Present address: Women’s Medical College, 
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Procedure. Three patients were selected 
for this study who seemed to be in a good 
state of nutrition.* Their case histories 
and detailed dietary management are given 
in the protocol. The following synthetic 
diet was fed in amounts to insure slightly 
greater than an adequate. protein and caloric 
intake: Hydrolyzed casein (Amigen) dextro- 
maltose and orange juice supplemented with 
vitamins. Iron was contained in the diet in 
amounts almost equal to the accepted daily 
requirements (15 mg.), and additional 
amounts were given in the form of iron 
citrate in the last 2 subjects. 

The patients received the diet for at 
least 4 days, and then nitrogen balance 
studies were carried out for two 4 day peri- 
ods on this diet. Following this, protein 
was omitted from the diet for 5 days and 
in its place the patient was given a daily 
intravenous injection of plasma estimated 
to contain the same amount of protein as 
he had eaten on each of the previous days. 
(Amount for each patient given in the proto- 
col.) Subsequently the patients were re- 
turned to their control synthetic diet and 
studied for from two to four 4 day periods. 
In the last 2 subjects, following the comple- 
tion of 4 periods after the transfusion period, 
another 5 day period was added in which 
the protein in the diet was entirely eliminated 
in order to study the nitrogen excretion and 
partition under these conditions. This 
period was essentially the same as the third 
period when plasma was administered ex- 
cept that the patient was not given any 
parenteral protein. 

Food, feces and urine were analyzed for 
total nitrogen content, and the following 
nitrogen constituents of the urine were 
determined: urea, ammonia, uric acid, cre- 
atinine, creatine and amino acids. The 
methods for these determinations have been 
described elsewhere.* Plasma volume, hem- 
itocrit, plasma protein and albumin deter- 
ninations were made during the control 
period, and 18 to 20 hours following the 
ast transfusion. In the first subject these 
same studies were also made on the 9th day 
ifter the last transfusion; in the second sub- 
ect, on the 12th and 23rd day, and in the 

hird subject, on the 9th and 24th day. The 
nethod for these determinations was essen- 
ially the same as that previously employed.! 
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Ten cc. of Evans blue dye (T-1824) contain- 
ing 1 mg. per cc. were injected intravenously 
for the determination of the plasma volume. 
The total red cell mass was calculated from 
the plasma volume and hematocrit and while 
this method does not give reliable values," 
it was felt that the percentage changes in the 
total red cell mass might be of some sig- 
nificance. 


Results. The data on nitrogen balance 
and urinary nitrogen partition are sum- 
marized in Tables 1 and 2. All 3 subjects 
were in positive nitrogen balance during 
the first 2 periods while receiving the 
hydrolyzed protein by mouth, except for 
Subject C. S., who showed an insignificant 
loss during the first period. This confirms 
the reports®*° that hydrolyzed protein 
given orally will maintain nitrogen bal- 
ance. During the 5 day period of plasma 
transfusion, all subjects were not only in 
positive balance, but the nitrogen reten- 
tion during this period (particularly in 
Subjects J. M. and C. S.) was much 
greater than when nitrogen was fed in the 
form of casein hydrolysate. However, 
following the transfusion, the excretion 
of urinary nitrogen was increased over 
the control periods in all 3. subjects, 
although the retained nitrogen was not 
entirely lost. In the first subject, J. M., 
this resulted in only a slight loss, a total 
of 3.12 gm. in 8 days, or 13% of the 
amount gained (24.35 gm.) during the 
period of transfusion. However, in C. S., 
this loss was more marked, totalling 
26.13 gm. in 9 days, or 85% of the amount 
gained (30.70 gm.). Subject C. M. lost 
a total of 7.68 gm. in 5 days, or 52% of 
the amount gained (14.90 gm.) during 
the transfusion period. 

The urinary nitrogen excretion in the 
last 2 subjects on the protein-free diet 
was similar to that observed during the 
period of transfusion. The average nitro- 
gen excretion in Subjects C. S. and C. M. 
during the periods of transfusion was 5 
and 5.26 gm. respectively, whereas on the 
nitrogen-free diet it was 4.29 and 4.84 gm. 


* Because of variation in age, nutritional state, etc., these cases were admittedly not ideal, but under 
he circumstances were the best that could be obtained. 
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NITROGEN BALANCE AND 
During the period of transfusion and the 
nitrogen-free diet these 2 subjects showed 
an in ©, uric acid, creatinine 
and excretion. Similar altera- 
tions were observed in the first subject 


increase 


creatine 


during the transfusion period. 
the of various 
fractions was relatively constant, except 


However, 
absolute amount these 
for creatine excretion which was markedly 
increased in the first subject (J. M.) dur- 
ing the period of transfusion and in the 
last subject (C. M.) in the period follow- 
The % 
excretion was lower in this patient during 
transfusion and on the nitrogen-free diet. 


ing transfusion. urea nitrogen 


It was also lower on the nitrogen-free diet 


TABLE 2.—URINARY 


Urea Ammonia Uric 

Case Period Mg. // Mg. &% Mg. 
JM 2 9,722 83.2 476 4.1 180 
3 5,115 80.2 33 3 179 

$ 11,306 83.2 475 3.5 250 

) 11,223 82.9 613 4.5 236 

( Ss. ] 7 257 79.7 504 5.5 196 
2 7,584 85.3 414 4.7 190 

3 4,233 85.0 196 3.9 142 

11,362 91 302 2.4 193 

5 9,014 84.2 450 4.2 210 

6 7.595 84.6 459 5.1 200 

7 7,740 86.9 348 3.9 211 

8 8,236 88.0 307 3.3 146 

9 3,849 79.4 280 5.8 175 

( M ] 6,742 80.0 524 6.2 130 
2 7,077 82.0 306 3.5 161 

3 4,139 77.6 213 4.0 199 

4 11,215 84.1 464 3.5 206 

) 8.840 85.7 598 5.8 IS4 

t 7,280 84.0 365 4.2 204 

7 6,596 79.8 436 5.3 179 

s 2646 61.7 340, 7.9 138 


in the second subject (C. S.) but not dur- 
The de- 
‘rease in ©; urea nitrogen excretion in the 
first subject (J. M.) during the transfu- 
ion seems insignificant. 


ing the period of transfusion. 


Ammonia and 
imino acid nitrogen excretion showed no 
study. 

changes in 
transfusion 
irend was 


marked alterations during the 

As shown in Table 3, the 
lasma volume following the 
not consistent, but the 
owards an 


vere 
increase. The first subject, 
. M., showed a significant rise (88°7) on 
he Ist day following the 5 days of trans- 
usion, and the value was 11°; above the 
ontrol on the 9th day. The second pa- 
ent (C.S.) showed only a small increase 
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(16°) but the value increased by the 
12th day (24°) and returned to normal 
on the 23rd day. Subject C. M. showed 
no significant change on the Ist day fol- 
lowing the last transfusion, but as in 
Subject C. S. showed an increase (16%) 
on the 12th day; on the 23rd day the value 
was 10° above the control. 

Hematocrit values were decreased dur- 
ing and following the period of injection. 
In the first subject, J. M., the fall in the 
hematocrit appears to be largely the result 
of dilution rather than decrease in the 
volume of circulating red cells. But in 
the last 2 cases (C. S. and C. M.) the drop 
in hematocrit was marked and cannot be 


NITROGEN PARTITION 


Partition 

nitrogen 
acid Creatine Creatinine Aminoacid' @&% of 

: ‘ Kjeldab! 

% Mg. &% Mg. &% Mg. % _ nitrogen 
1.5 13 0.1 425 3.6 788 6.7 99.2 
2.8 178 2.8 22 6.6 456 7.2 102.0 
1.8 92 0.7 422 3.1 953 7.0 99.3 
1.7 21 0.2 415 3.1 820 6.1 98.5 
2.2 14 0.2 334 3.7 418 4.6 95.9 
_ = 39 0.4 338 3.8 374 4.2 100.5 
2.8 35 0.7 321 6.4 275 5.5 104.3 
1.6 60 0.5 334 2.7 522 4.2 102.8 

2.0 55 O.5 _ —_— e 

3.2 55 «(0.6 340 3.8 452 5.0 101.3 
2.4 43 0.5 331 3.7 492 5.5 102.9 
1.6 50 0.5 323 3 426 4.6 101.4 
4.0 33 (0.7 481 9.9 235 4.8 104.6 
1.5 36 (0.4 622 7.4 523 6.2 101.7 
1.9 65 0.8 602 7.0 605 7.0 102.2 
3.7 77 «#1.4 529 9.9 499 9.3 105.9 
1.5 142 1.0 5R4 4.4 823 6.2 100.7 
1.8 67 0.6 483 4 619 6.0 104.6 
2.4 8 0.1 511 5.9 595 6.9 103.5 
2.2 44 0.5 565 6.8 793 9.6 104.2 
3.2 54 1.2 558 13.0 426 9.9 96.9 


On the 12th 
of circulating 


accounted for by dilution. 
day the calculated volume 


red cells was 31 and 36% respectively 
below the control value in these 2 sub- 


jects. It was at least 23 days before the 
hematocrit and volume of circulating red 
cells approached the control value. 
Protein concentration in the first sub- 
ject showed only slight changes during 
the entire experiment, but Subjects C. S. 
and C. M. both showed an increase in the 
plasma protein concentration following 
the periods of transfusion. Alterations 
in albumin-globulin ratios were small, ex- 
cept in C. M. where the ratio was con- 
sistently higher than the control value. 
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Total circulating protein immediately fol- 
lowing the transfusion was increased (33 
and 52%) above the control value, but 
as shown in Table 4 the increase was small 
compared to the amount of protein in- 
jected during the 5 days. 
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average of 5.56°% protein. The transfusion 
was given in 2 divided doses, morning and 
evening. The diet during this time con- 
tributed 2076 Cal. 

The temperature of the patient was nor- 
mal previous to the transfusion. He had a 
chill on the Ist day and the transfusion had 


Pape 3.—PrLasMa VOLUME, PROTEIN AND HeMatocrit CHANGES 
Circula ota 
D | Blood red cell eirculating 
lown v Hen “ volume mass ’rotein protein 
1) last t ( nee change change concentra change AG 
( insfusi % // q % % rate 
1. M ( tre sa 43.4 9602 2431 7.42 235 l 2 
4 10 7 1.46 
] tS 10 2 7.16 4 1.26 
; 15 7.40 1.34 
Ss 1 
4 8 6.79 2 1.52 
6 Contre 24070 40.4 10983 2013 6.37 180 1.47 
7 7 . 6 1.5 
( 2q | 8 34 » 
' 0) 
11} Ss 1. lt 
12 24 32 bl 1.41 
o3 4 lf ( >] 6.46 2 00 
0 } 6.83 1.73 
( \l Contr 2Q()2 165.9 465 2563 6.72 1 1.438 
l 1 12 6 IS 8.78 + 36) » 24 
9 16 30 ) ( 7.09 »~? L.as 
14 17 
24 10 ’ S 7 ‘i 


TaBLE 4.— DIFFERENCE BETWEEN PROTEIN 


lotal eir atl rt 
Before After 

transtusior transfusion 
gm gm.) 
IM 235 314 
( s 1890 IST 
cS: Bes 195 265 


18 to 24 hours after last transfusion. 


Case Histories. Case 1. J. M., 65 year 
old white man, admitted to the hospital 
because of bilateral hernia. Right hernior- 
raphy done on April 11, 1944, and left on 
April 25. Convalescence from operations 
entirely uneventful. 

On May 5, patient was started on diet 
consisting of 109.2 gm. hydrolyzed protein, 
473 gm. dextro-maltose, 500 ce. orange juice, 
2 gm. salt mixture, 100 mg. ascorbic acid, 
20 mg. thiamin, 50 mg. nicotinic acid, perco- 
morphum 4 minims, made up in 1000 ce. 
of water. This diet provided 86 gm. of 
protein and 2440 Cal. The first collection 
period was started on May 10. During the 
3rd period the patient received the follow- 
ing amounts of plasma on 5 successive days: 
1340, 1100, 1305, 1480 and 1320 ce. The 
plasma was obtained from the Receiving 
Hospital Blood Bank and contained an 


INJECTED AND INCREASE IN PLASMA PROTEIN 


Differ 
tween protel 
moected and 





crease hi 
Protein circulating 
Increase injected protein 
gm gm.) % 
79 364 22 
98 366 20 
70 254 25 


to be temporarily stopped. He showed a 
urticaria on the 2nd day, and again had a 
chill on the 3rd and last day of transfusion. 
During this period of transfusion, the tem- 
perature ranged from normal to 101° F. 
He complained frequently of headache and 
some soreness in his mouth. He also com- 
plained of feeling nauseated and vomited 3 
to 4 times. 

Following the period of transfusion, his 
temperature was normal for the 9 days he 
was observed. 

Case 2. C.58., 67 year old white man, 
admitted and operated on, April 26, 1944, 
because of perforated gastric ulcer (perfora- 
tion occurred 4 to 5 hours previous to 
operation). On May 7, the patient had a 
left saphenous ligation. 

On May 31, the patient was started on 
a diet consisting of hydrolyzed protein 
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79.2 gm., dextro-maltose 435 gm., orange 
juice 300 cc., ascorbic acid 200 mg., thia- 
min 4.5 mg., riboflavin 2 mg., niacin 40 mg., 
percomorphum 5 ggts., and ferric ammo- 
nium citrate 15 ec. of a 25°% solution made 
up in 750 cc. of water. This diet provided 
62 gm. of protein and 2107 Cal. The first 
collection period was started on June 5. 
During the 3rd period the patient received 
1000 cc. of plasma daily, obtained from 
Sharpe & Dohme, which contained 7.31% 
protein. The plasma was administered in 
2 doses morning and afternoon. The diet 
during this time contributed 1817 Cal. 

The temperature of the patient showed 
little fluctuation previous to the experi- 
ment and was normal 15 days before the 
study. The temperature remained normal 
throughout the entire experiment, except 
on the last day of the transfusion when it 
to 100° F. for a few hours, but it 
rapidly returned to normal and remained so. 

The patient complained of some head- 
ache and towards the end of the 3rd period, 
of nausea and sore gums. He vomited fol- 
lowing the very last transfusion. However, 
only 0.18 gm. of nitrogen were lost by this 
emesis. Through an error, this subject was 
not given the hydrolyzed protein on the 
Ist day following the transfusion, which 
explains the lower nitrogen intake in Per- 
iod 4. No untoward symptoms were noted 
n the patient during the remainder of the 
experiment (27 days). 

Case 3. C. M., 20 year old Negro male, 
admitted to hospital and operated on, 
July 20, 1944, because of perforated duo- 
denal ulcer (perforation occurred about 
5 hours previous to operation). 

Patient was started on a diet, August 4, 
‘onsisting of 90 gm. of hydrolyzed protein, 
lextromaltose 539 gm., orange juice 600 cc., 
iscorbie acid 100 mg., thiamin 5 mg., ribo- 
lavin 3 mg., niacin 20 mg., pantothenic 
iid 25 mg., percomorphum 5 ggts., ferric 
immonium citrate 15 ee. a 25% solution. 
Che diet was made up in 750 ce. of water. 
The Ist collection period was started on 
\ugust 8. The diet provided 70 gm. of 
rotein and 2682 Cal. During the 3rd 
riod the patient received 1000 cc. of 
lasma for 4 days and 500 ce. on the 5th. 
Che last 500 ec. were omitted since the 
atient was not feeling well because of the 
requent large transfusions. The plasma 
as obtained from Sharpe & Dohme, which 


rose 
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contained 7.31°% protein. The plasma was 
administered in 2 doses, morning and after- 
noon. The diet during this time contributed 
2344 Cal 

The patient had an elevated temperature 
(between 99.4 to 101.2° F.) for 60 hours 
after the operation and from this time until 
studies were begun his temperature was 
normal. During the period of transfusion 
his temperature was normal most of the 
time, but on several occasions rose to 
100° F. He complained of headache, nau- 
sea, vomited small amounts several times 
and also complained of sore gums and 
throat. During the Ist post-transfusion 
period his temperature was normal most of 
the time, except for 2 to 100° F. 
The temperature remained normal during 
the remainder of the experiment (20 days) 
and no untoward symptoms were noted. 


rises 


Discussion. Nitrogen Balance Studies 
Although all subjects were in _ positive 
nitrogen balance during the period of 
transfusion, the urinary nitrogen excre- 
tion in the post-transfusion period was 
increased above the 2 control periods, 
resulting in a loss of hitrogen. The total 
urinary nitrogen excretion in the post- 
transfusion period was very similar for 
the 3 subjects, but the resulting nitrogen 
This difference may 
have been influenced by the age of this 
group which varied from 20 to 67 years. 
Subject C. M. showed a fairly marked 
positive nitrogen balance previous to the 
transfusion which might be accounted for 
by the fact that the study in this indi- 
vidual was started 2 weeks following the 
operation for perforated ulcer. It seems 
probable that the patient was still in the 
recovery or anabolic phase, and this could 
have influenced his response to the plasma 
transfusion. The difference in the nitro- 
gen intake might also account for the 
variation in the loss of nitrogen in the 3 
subjects following the transfusion. There 
is some evidence that the nitrogen balance 
during or following transfusion may be 
influenced by reaction to the injected 
plasma, and amount of plasma transfused. 
The results of the present study will, 
therefore, be discussed under these topics. 


loss was variable. 
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Positive nitrogen balance ec during periods 
of plasma transfusion have been reported 


by various workers, > and in 
these cases no evidence of a reaction was 
noted However, a negative balance in 
| experiment during the intravenous ad- 
ministration of plasma was reported’ in 
an animal that manifested a reaction to 
the transfusion. \n increased nitrogen 
excretion in the post-transfusion period 
was noted” in 1 dog which reacted un- 
favorably to horse serum and in another 
animal which showed symptoms of irrita- 
tion from the intraperitoneal injections of 
plasma. In the present study, Subject 
J. M., as shown in the case history, had 
chills, fever and some urticaria during the 
period ot transfusion. He showed a 


marked 


which was also noted by Daft, Robscheit- 


increase in creatine excretion 
Robbins and Whipple? in an animal that 
Subject J. M. ex- 


creted on an average 1 gm. of nitrogen 


exhibited a reaction. 


per day more than the other 2 subjects 
during the transfusion period. Excretion 
during this period may have been less and 
hence nitrogen retention greater had there 
been no reaction. Subjects C. S. and 
C. M. showed only minor and infrequent 
temperature elevations. Creatine excre- 
tion in Subject C. M. was increased in 
the post-transfusion period; no change in 
this constituent was observed in Subject 
C. S. Although no studies were made, it 
was observed that the blood pigments in 
the plasma were increased during and 
immediately following the period of trans- 
fusion, especially in these 2 subjects. Urin- 
ary nitrogen excretion during the period 
of transfusion was slightls higher in these 
2 patients than during the time they were 
on the nitrogen-free diet. Since other 
studies’? 7!.22.% in which the subjects were 
fasted or on a nitrogen-free diet showed 
little or no increased excretion during the 
period of transfusion, the nitrogen excre- 
tion observed in C. S. and C. M. may 
have reached a lower level had there been 
no undesirable effects from the transfused 


plasma \ll 3 patients complained of 


] fiir ft ~~ rr \ 
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nausea, headache, and a sore mouth dur- 
ing the period of transfusion which sub- 
sided shortly thereafter. 

It has been suggested‘ that a sufficient 
amount of fat and carbohydrate may be 
large 
vein. An 
increased nitrogen excretion during trans- 


necessary for the utilization of 


amounts of plasma viven by 


fusion and a few days following was re- 
ported’ in an animal that received 50 gm. 
of extrose as the sole source of calories. 
When this was replaced by 200 gm. of 
the Cowgill diet there was clinical im- 
provement and the nitrogen excretion de- 
Although the subjects in the 
present experiment received no fat, caloric 
intake was calculated 
(1800 to 2300) Cal. 


creased. 


to be adequate 
during transfusion 
period 5 

The first subject, J. M., received plasma 
from. the hospital blood bank, whereas 
reconstituted 


lvophilized = plasma* was 


used for the last 2 subjects. Dounce and 


Howland*® found that when crystalline 
beef liver catalase had been dried by the 
lyophilized process that it was not erystal- 
one-third the 


activity of the undried material, and that 


lizable, possessed about 
its hematin iron could be reduced, indi- 
cating some change in molecular struc- 
ture. It has also been reported*' that 
there is a loss in clot strength of dehy- 
noted that the 
activity of thrombin was reduced after 
Although 
direct evidence, it seems possible that the 


drated plasma Seegers”’ 


lvophilization. there is. no 
process of lyophilizing may alter the nature 
of the plasma proteins, and thus may 
have affected the nitrogen balance. 

Elman and Davey,’ from their work in 
dogs, suggest that the quantity of plasma 
have an influence on the 
protein. In 
their study, most of the gain in nitrogen 


injected may 
utilization of the plasma 
during the week of injection was lost in 
the post-transfusion period. Their injec- 
tions (600 ec. per day, or an amount 
equivalent to 7 gm. of nitrogen) were 
larger than those used by other workers 
Ina later study these same authors,'” fron 
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work on intravenous administration of 


amino acids, concluded that there seems 


to be a ceiling utilization of nitrogen at 
least when given in this form. It seems 
plausible that there may also be a ceiling 
utilization of injected plasma protein. In 
the plasma transfusion studies on humans”! 
500 ce. of plasma were injected daily for 
Muether and Andrews” do not 
state the amount of plasma injected, but 


5 days. 


their figures.of 25 to 45 gm. of plasma 
protein would indicate a transfusion not 
much greater than 500 to 750 cc. These 
authors did not observe an increased nitro- 
gen excretion in the post-transfusion 
period. In the present study, approxi- 
mately twice this amount (7. ¢., 1000 cc.) 
of plasma was injected daily for 5 days. 
\lbright® recently reported a nitrogen bal- 
ance study on a patient who was trans- 
fused with 32.1 gm. of nitrogen in the 
form of serum over a period of 2 days. 
He concluded that “15.3 gm. were metab- 
olized as indicated by increased nitrogen 
in the urine and 20.1 converted into pro- 
toplasm as indicated by the decreased 
phosphorus in the urine. . . . The 
peak of the nitrogen excretion curve came 
m the day following the 2 days of injec- 
tion and the increase of nitrogen excretion 
Was completed by the 6th day following 
the injection.”” While the total amount 
ff plasma transfused was less than that 
viven to our patients, the amount given 
per day was larger. The increased nitro- 
ven excretion noted by Albright following 
the transfusion is in keeping with the 
indings of the present study. Thus, it 
eems quite probable that the increased 
itrogen excretion in the post-transfusion 
riod was affected by the quantity 
ransfused. 

Blood Studics. The alterations in blood 
nd plasma will be considered under 
lasma volume changes, protein concen- 
ration and total circulating protein, and 
he hematocrit and circulating red cell 
olume changes. 

Reports on changes in plasma volume 
uring and immediately following a trans- 

ision are controversial. Hayward," Hay- 
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ward and Jordan,"© and Sharpey-Schafer 
and Wallace*> have reported a temporary 
increase in plasma volume in humans 
which was determined by following hema- 
tocrit and hemoglobin changes. The as- 
sumption that hematocrit and hemoglobin 
changes reflect changes in plasma volume 
has been criticized by Beatti.'° He points 
out that a transfusion opens new capillar- 
ies and that some plasma can remain 
immobilized as a surface film without 
being concerned in the ratio of cells to 
plasma. Elman and Davey® using the 
Evans blue dye method found an increase 
in plasma volume in dogs at the end of a 
7 day transfusion period. At the termina- 
tion of the experimental period (14 to 
21 days) the plasma volumes were near 
’ noted 
an immediate but transient increase in 


the control or below. Shearburn*! 


total plasma volume returning to the pre- 
transfusion level within 3 days. An in- 
crease in plasma volume following trans- 
fusion in dogs has also been noted by 
Freeman and Wallace’ but no greater 
than was found after injection of glucose 
or saline. Daft, Robscheit-Robbins and 
Whipple’ noted a decrease in the plasma 
volume during the period of plasma trans- 
fusion, but apparently felt that this was 
due to a deficient or inadequate protein 
intake. The subjects in the present study 
all showed an increase in plasma volume 
which at the termination of the experi- 
ment (9 to 24 days) approached the con- 
trol value. 

There was an interesting inverse rela- 
tionship between plasma volume and urine 
excretion. The fluid intake for each indi- 
vidual subject was essentially the same 
during the control and transfusion periods, 
except for the additional fluid given in 
the form of plasma. Subject J. M., who 
showed an increase of 38% in plasma 
volume on the Ist day following the last 
injection, excreted during the period of 
transfusion an average daily urine volume 
of only 9°; above the control values. 
Subject C. S., with a 16% increase in 
plasma volume, excreted a volume of urine 
45° above the control value, and the 
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last subject who showed no significant 
alteration in plasma volume excreted a 


volume of urine 132‘ 


above the amount 
excreted previous to transfusion. Met- 
calf in a plasma transfusion study in 
dogs observed that 4 to 8 hours following 
an injection, the rate of urine excretion 
correlated relatively well with the change 
in plasma volume. 

The first subject, J. M., showed little 
change in protein concentration, but it 
was significantly increased in the last 2 
subjects. The percentage increase in total 
circulating protein in all 3 subjects was of 
similar magnitude. However, as shown 
in Table 4, this rise was small compared 
to the amount injected. This observation 
was also noted by Elman.'® The protein 
or its metabolites cannot be accounted 
for in the urine since urinary nitrogen 
was decreased at the time that the plasma 
protein was disappearing from the blood 
stream. Metcalf* in an attempt to deter- 
mine if the protein was taken up by the 
liver, transfused serum directly into the 
portal vein. However, in this experiment, 
the protein appeared in the general circu- 
lation and then disappeared from the 
blood stream at about the same rate as 
in other experiments. No demonstrable 
change in protein content was noted in 
liver, muscle, kidney and intestine biop- 
sies before and 8 to 10 hours after a large 
serum transfusion. The studies of Madden 
and Whipple*® have indicated a rapid ex- 
change between tissue and plasma pro- 
tein which has recently been confirmed by 
studies” with the use of labelled plasma 
But further studies are needed 
to give information on the storage, excre- 
tion, utilization or fate of injected plasma 


protein. 


protein. 

The change in hematocrit in the first 
subject was largely due to dilution since 
it was not accompanied by a decrease in 
circulating red cell volume. But the 
hematocrit and circulating red cell vol- 
ume change in the last 2 subjects was 
marked. Although the method, which 
was used to determine the circulating red 
cell volume is recognized to be inaccurate," 
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the changes noted in these subjects seem 
marked enough to be of significance. Met- 
calf** noted a decrease in size of red cells 
a few hours following a transfusion in 
dogs. If this change occurred in these 
2 patients, it could only partially account 
for the marked drop noted in those 2 sub- 
jects. Hematologic studies in these 2 pa- 
tients showed an increase in reticulocyte 
count. The first patient, J. M., who re- 
ceived plasma from the hospital blood 
bank did not show the anemia. Since 
the last 2 subjects received lyophilized 
plasma, an inherent property of thelyoph- 
ilized plasma was considered as a possible 
cause of the anemia. This plasma was 
preserved with phenyl mercuric borate 
(1:25,000), and although the amount pres- 
ent is so small as to be non-toxic, its 
possible effect was investigated by inject- 
ing comparable amounts for 5 consecutive 
days in 2 dogs. Blood studies on these 
2 animals were followed for a period of 
10 days following the last injection, but 
at no time was there a demonstrable 
change in the hematocrit or circulating 
red cell volume. The possibility that the 
process of lyophilization may alter the 
nature of the plasma protein has been 
previously discussed. 

Shearburn,”’ in a study on dogs, com- 
ments that the total blood volume de- 
creased due to an increasing anemia in 
2 groups of animals given a transfusion 
of 50 ce. of plasma once or twice daily for 
2 weeks. 

While it is felt that some inherent 
quality in the lyophilized plasma (pos- 
sibly a denatured protein) may hav 
caused the anemia, other factors such as 
repeated large transfusions, cannot be 
definitely excluded. 

Summary. 
volume, protein and hematocrit deter 


Nitrogen balance, plasma 


minations were carried out on 3 male sub 
jects given an adequate carbohydrate 
mineral and vitamin intake by mout! 
and protein by plasma transfusion for : 
period of 5 days. Previous to, and fol 


lowing the transfusion, protein was give! 
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by mouth in the form of a hydrolysate of 
casein. The results were as follows: 

1. During the period of the transfusion, 
the urinary nitrogen excretion was de- 
creased in all subjects resulting in a 
marked positive nitrogen balance. 

2. Following this period, the urinary 
nitrogen excretion was increased over the 
control periods in all 3 subjects resulting 
in a_loss of 13, 87 and 50% respectively 
of the nitrogen gained during the period 
of transfusion. The variation in_ loss 
among the 3 subjects may have been due 
to difference in age, the use of recon- 
stituted lyophilized plasma in the latter 
2 subjects, or level of protein intake fol- 
lowing the transfusion. Reaction to the 
plasma transfusion did not seem: to have 
a great effect on the nitrogen balance. 
There is some indication that the increased 
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nitrogen excretion during the post-trans- 
fusion period may have been due to the 
quantity of plasma transfused. 

3. Nitrogen excretion and partition in 
2 of the subjects on a protein-free diet 
showed some similarity to that noted dur- 
ing the period of transfusion, except for 
the amount of creatine excreted. 

4. The increase in plasma volume was 
variable in the 3 subjects, but appeared 
to be inversely related to the volume of 
urine excreted. 

5. The increase in total circulating pro- 
tein varied from 33 to 52° but was small 
compared to the amount of protein 
injected, , 

6. Two of the subjects showed an 
anemia following the plasma transfusions 
as evidenced by a decrease in calculated 
circulating red cell volume. ; 
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LEUKEMIC MYELOBLASTS 


PARTIAL MATURATION OF LEUKEMIC MYELOBLASTS FOLLOWING 
FRESH PLASMA TRANSFUSIONS 


By Josepu LL. 


( BI NIN PROFESSOR OF ANATOMY ct 
CINCINN 
rom the Department of Anatomy, All| 


IN a case of acute myelogenous leu- 
kemia, Sabin, Austrian, Cunningham and 
Doan 


transfusions some of the myeloblasts in 


found that following whole blood 
the peripheral blood were replaced by 
earl stages of myelocytes. Following 
each transfusion the percentage of mvelo- 
blasts in the differential count declined, 
while the percentage of early mvelocytes 
rose. After a few days, a relapse occurred 
and the differential count returned to its 
original condition, so that these cell types 
bore an inverse relationship during the 
period of investigation. It was not known 
if the factor causing the partial matura- 
tion of the myeloblasts was in the trans- 
fused cells or in the plasma, nor could 


the manner of its action be determined. 
Recently 2 cases of acute mveloblastic 
leukemia afforded an opportunity to make 


Both 


patients were in good clinical condition, 


a further step in investigation. 
in spite of the gravity of their disease, 
and had no need of whole blood transfu- 
They 


transfusions to see if the partial matura- 


sions. were given fresh plasma 
tion described above could he confirmed. 
The blood plasma was obtained by allow- 
ing the cells to settle out of the citrated 
blood 

) 


therefore about 2 days old at the time it 


obtained from donors, and was 
was given to the patients. 

The differential counts were made from 
dried smears stained with Wright’s stain 
Neu- 


trophil granules when they first appear 


and from supravital preparations. 


in the youngest promyelocytes do not 


stain well with the former method, or for 


ILI 


many Medical College 


Scuwinp, Pu.).* 
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ri, OHTO 


Albany, New York 


that matter, with any of the Romanowsky 
stains. Supravital staining with neutra 
red and pinacvanole when properly done 
and when studied with the best available 
optical system under optimum conditions 
for microscopy makes possible consider- 
ably more accurate differential counts of 
the earliest cells containing specific gran- 
ules. This method was therefore used in 
constructing the curves subsequently re- 
ferred to in this paper. There is at 
present, however, some misapprehension 
about the appearance of myeloblasts and 


neutrophilic myelocytes A when studied 


n supravital preparations, because in the 
early work with the method?? no distine- 
tion was made between neutral red vacu- 
oles and neutrophil granules, which also 
stain with neutral red. In the above 
quoted papers, a myeloblast was defined 
as a cell with a basophilic cytoplasm, 
having a large number of mitochondria in 
the eytoplasm and containing no bodies 
Mvyelocyte \ 


was defined as containing a small number 


staining with neutral red. 

of granules, not more than 10, staining 
with neutral red, clumped together in the 
Thess 


were thought to be the pre 


cytoplasm near the centrosphere. 
‘granules ”’ 
cursors of the neutrophilic granules, be 
cause they stained: much more intense! 
than do the granules of adult neutrophil 
The present writer feels that this is a 
misinterpretation, and that these “gra 
ules”” were actually neutral red vacuole 
It will be noted in the plates of the fir 
paper cited that the neutral red bodi 
are drawn as large or larger than t 


Chis work was done while the author was a member of the Department of Anatomy, Albany Medi 
College, Union I niversity, “ Ibany, N. Y. He wishes to ac knowledge his indebtedness to Dr. Otto 
faust, Professor of Pediatrics in the Albany Medical ¢ ollege, and to the Resident and Interne St 

his Department for the courtesv and Operation which made an exhaustive study of these c 
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mitochondria. This is within the size 
range attained by vacuoles, whereas neu- 
trophilic granules are very much smaller, 
and are just visible as separate granules 
when the greatest possible resolving power 
of the microscope is employed by immers- 
ing the condenser. The cells illustrated 
are therefore not myelocytes A but myelo- 
blasts, for a cell cannot be designated as 
one of the myelocytes until it has acquired 
definite specific granules. Hall’ was 
apparently the first to notice that myelo- 
blasts may contain neutral red vacuoles. 
All of the myeloblasts of Case 1 of this 
paper contained neutral red vacuoles, and 
some of the cells had a large number of 
them: 70 to 8O per cell, in addition to the 
usual number of large mitochondria. The 
myeloblasts of Case 2, however, were ap- 
parently somewhat younger and a small 
number of them never acquired any neu- 
tral red vacuoles, even after several hours 
on the supravital slide. These vacuoles 
as was noticed. by Cunningham, Sabin 
and Doan? were of a more reddish color 
than the neutrophil granules of mature 
cells. However, there is also a slight 
difference in color between vacuoles and 
neutrophil granules when the latter first 


appear around the “centrosphere” (Golgi 
apparatus), inside of the clump of vacuoles, 
as described by Simpson and Deming.® 
This slight difference in color was not 
noticed by the above-mentioned 3 investi- 
gators or by Hall, probably because the 
optical systems they employed did not 
ave sufficient color correction and resolv- 
ng power to make the difference visible. 
This question will be discussed more fully 
n another publication. 

Meanwhile a myeloblast in a supravital 
reparation will be redefined as an undif- 
erentiated cell normally found in the bone 
narrow, with a large nucleus having a 


ne chromatin reticulum and a colorless 
r faintly yellow cytoplasm which contains 
irge scattered mitochondria and may or 
lay not contain neutral red vacuoles, but 
i which there are no neutrophilic or other 
Myvyelocyte A will be 
defined as the first cell of the granulo- 


pecific granules. 
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eytic line which contains a small clump 
of specific (neutrophilic) granules clumped 
around the “cytocentrum”’ (Golgi appa- 
ratus), the diameter of the whole clump 
of neutrophilic granules not being greater 
than 3 times the diameter of the cytocen- 
trum. Most of these cells have an irregu- 
lar ring of vacuoles around the periphery 
of the clump of gr aules, as has already 
been mentioned, and in addition there 
may be a variable number of vacuoles 
scattered in the cytoplasm. Myelocyte B 
is any cell with more than the above num- 
ber of specific granules, but less than the 
full complement, while myelocyte C is a 
cell with the full complement of granules 
but with a round or oval nucleus to dis- 
tinguish it from the later stages of the 
granulocytic lines. Myelocytes B and C 
have neutral red vacuoles as well as specific 
granules in their cytoplasm, but their 
number decreases as the cell matures. 


Case Reports. Case 1. This patient was 
a 6 weeks old male infant who had been born 
with what subsequently proved to be a 
leukemic tumor of the lower lip. No blood 
studies were done until the child was re- 
ferred to the Albany Hospital for diagnosis 
of the tumor, at which time the leukemia 
was discovered. The patient was studied 
for 10 days. The total white blood count 
during the period of observation varied 
from 16,000 to 26,000, while the red cell 
count remained in the vicinity of 3,000,000 
cells per c.mm. Blood platelets were re- 
duced, but there was no purpura or other 
bleeding. The range of cells in differential 
counts made from smears stained with 
Wright's stain for the Ist week of hospital- 
ization was as follows: segmented neutro- 
phils 0 to 0.5°7, band forms 1 to 2.5%, 
metamyelocytes 0 to 1.5°%, myelocytes 0 to 
0.5°%, promyelocytes 0 to 2°, leukoblasts 
and myeloblasts 56 to 61°7, monocytes 0 
to 0.5°%, lymphocytes 36.5 to 41.5%. Con- 
genital leukemia is extremely rare, and this 
case will therefore be reported in detail 
elsewhere. 

The results of differential counts of myelo- 
blasts and early myelocytes made with the 
supravital method in this case are shown in 
Figure 1. It ean be seen that for the Ist 
week, the number of myeloblasts and _ pro- 
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myelocytes (myelocytes A and B) was 
approximately equal, though the percentage 
varied somewhat from day to day. The 
uppermost curve on the chart shows the 
combined percentages of myelocytes A and 
B, while the lowermost one shows the per- 
centage of myelocytes B, which for this 
period of time varied from 0.5 to 2.5% 
The great majority of these cells had only 
slightly more neutrophil granules than 
myelocytes A. The combined curve was 
drawn because it is a matter of opinion 
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number ot mvelocytes \ and B increased 
from 4460 to 10,340 per ce There can be 
no doubt therefore that the fresh plasma 
transfusion produced a partial maturation 
of some of the myeloblasts. This maturation 
process is by no means to be interpreted as 
a clinical remission following the plasma 
transfusion. When studied on the dried 
smears stained with Wright’s stain, it was 
much less obvious. The percentage of myel- 
oblasts having an acidophilic spot in the 
cytoplasm (the clump of discretely visible 
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Fic. 1.— Maturation of myeloblasts produced by a fresh plasma transfusion in Case 1. 


whether a particular cell is a late myelo- 
cyte A or an early myelocyte B. The pres- 
ence or absence of neutrophilic granules is, 
however, a more objective criterion and a 
sharp distinction between myelocyte A and 
myeloblasts can be made by any competent 
observer who has an adequate optical sys- 
tem and who uses it with some regard for 
the principles of good microscopy. 

On the 7th day, a 90 ce. transfusion of 
fresh plasma was given without reaction. 
On the following 3 days. the percentage of 
myeloblasts significantly decreased (Fig. 1), 
while the percentage of myelocytes A and B 
significantly increased. During this period 
the absolute number of myeloblasts de- 
creased from 5280 per ce. to 3890, while the 


neutrophil granules in the supravital prepa- 
rations) increased somewhat, and those with 
a uniformly basophilic cytoplasm were 
somewhat fewer after the transfusion. It is, 
however, very difficult to decide whether 
some ¢éells have or do not have a very faintly 
acidophilic spot, and impossible to place 
much confidence in observations in whicl 
the subjective element is so great. The 
number of myelocytes A always exceeded the 
number of myeloblasts having an acidophili« 
spot in the cytoplasm, showing that neutro 
philic granules do not stain in Romanowsky 
preparations for some time after they car 
be demonstrated with neutral red in th 
living cell. 
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Case 2. This patient was a well-devel- 
oped, well-nourished 13 vear old white school 
boy who was admitted to the hospital with 
complaints of fever, cough, with blood- 
streaked sputum, swelling of the neck and 
malaise of 3 days duration. There were 
areas of petechie in the axill# and groins 
and scattered petechiz on the abdomen and 
chest. Bluish subcutaneous nodules about 
0.5 em. in diameter were scattered over the 
cheeks, neck, arms and thighs. The gums 
were hypertrophied, tender, ulcerated and 
bled easily. The pharynx was injected, the 
tonsils large and the left one covered with 
a necrotic yellowish membrane. There was 
generalized lymphadenopathy. and the spleen 
was palpable 3 em. below the costal margin. 
The liver was not palpable. The blood 
count on admission showed 13 gm. (88°) 
hemoglobin, 4,350,000 red blood cells and 
34,400 white blood cells per ¢mm. The 
differential count on admission was _ seg- 
mented neutrophils 6°%, lymphocytes 5°; 
and large, primitive looking cells having 
nucleoli 89°;. The latter cells were subse- 
quently identified as myeloblasts. The pa- 
tient was studied for 3 weeks. During the 
period of hospitalization the hemoglobin 
varied from 10 to 13.5 gm., and the red 
blood count from ~3,480,000 to 4,600,000. 
The white cell count after admission rose 
to 75,900 in the Ist week, declined to 28,100 
at the end of the 2nd week, and then rose 
again to 48,000 on the day of final discharge. 
The range of the neutrophilic cells in the 
differential counts was as follows: segmented 
neutrophils 1 to 6°, band forms 0.5 to 3.5%, 
metamyelocytes 0 to 2°, myelocytes 0 to 
0.5%, promyelocytes 0 to 2.5°%, and (with 
Wright’s stain) myeloblasts 77.5 to 89%. 
The lymphocytes varied from 5 to 16.5%, 
and occasional eosinophils and_ basophils 
were found. No monocytes were seen in this 
ease either with Wright’s stain or with the 
supravital method. 

In Case 1, the myeloblasts when stained 
with Wright’s stain all contained consider- 
able numbers of azure granules, and when 
studied in the supravital preparations, the 
number of myeloblasts and myelocytes A 
were approximately equal as has been de- 
scribed. In this case, however, the cells were 
much more primitive, and when stained 
with Wright’s stain during the Ist week 
the patient was under observation, only 
8.5 to 15.5% of myeloblasts contained azure 
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yranules, and at no time did more than 
26.5° of them show azure granulation. 
When studied with the supravital method 
during this time 70 to 80.6°; of the cells 
in the differential count. were myeloblasts 
and only 5 to 12.5°% were myelocytes A 
(Fig. 2). No myelocytes B were seen during 
this period, and only a small number of 
them subsequently. They have therefore 
been left off of the chart. Peroxidase posi- 
tive cells made up 5 to 8.5°% of the differen- 
tial count. 

On the 8th hospital day, the patient was 
given a 400 cc. transfusion of fresh plasma, 
without reaction. Following this the num- 
ber of myelocytes A rose to 20.5%, but 
within 3 days after the transfusion declined 
again to 12°;. A second fresh plasma 
transfusion was then given, followed by a 
rise of myelocytes A to 26°% in 24 hours, 
and then a decline to 10.5% in the 3 days 
following the transfusion (Fig. 2). 

The patient was then taken home by his 
family, but returned to the hospital 3 days 
later, somewhat dehydrated, complaining of 
pain from his cough and difficulty in swal- 
lowing which made feeding him at home 
impossible. After these complaints had been 
relieved as much as possible by suitable 
medication, the patient was given 2 intra- 
muscular injections of 17°; gamma globulin 
solution to see if the substance which pro- 
duced the partial maturation of the myelo- 
blasts is present in that plasma fraction. 
The first injection was made with 10 cc. 
into either buttock, the second with 15 ce. 
into either buttock 24 hours later. Each 
intramuscular injection was preceded by 
2 ce. of 0.5% novoecain through the same 
needle, and produced a minimum amount 
of discomfort to the patient. This amount 
of gamma globulin was given upon the 
assumption that 25 ce. of this solution would 
contain about the same amount of gamma 
globulin as a 500 ec. fresh plasma transfu- 
sion. These injections were, however, with- 
out effect on the differential count (Fig. 3). 
The following day the patient was given a 
250 ec. transfusion of commercial dried 
plasma (“‘Lyovac’’), made up so as to con- 
tain as much protein as 500 cc. of fresh 
plasma. This also had no effect on the 
differential count (Fig. 3). 

On the 5th day after his second admission 
the patient was again taken home by his 
























































174 SCHWIND: MATURATION OF LEUKEMIC MYELOBLASTS 
family, and died a few days later. No — tween leukemic cells and normal cells, and 

. : t 

autopsy was obtained. that the younger cells in the cultures mature 
: 
COMMEN1 Leukemic cells have been to older forms. It is reported that myelo- 

; | 
grown in tissue culture with a variety of blasts will develop granules and eventu- ; 
media and methods.'®© All authors who — ally transform into adult granulocytes. In 
have studied the problem agree that there acute myeloblastic leukemia, relatively 
are no marked differences in behavior be- few of them seem to be able to accomplish ) 
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this change in the body of the patient. It 
is possible that an inhibitor substance is 
present, which prevents the maturation 
of the myeloblasts. It would seem more 
likely, however, that there is some sub- 
stance missing from the environment of 
such cells while they are in the body, the 
lack of which prevents their maturation. 
Evidence of this was obtained by Timofe- 
jewsky and Benewolenskaja,'” and more 
recently by Houghton‘ in experiments in 
which myeloblasts of acute myeloblastic 
leukemia 
with normal plasma as the medium. After 


were grown in tissue cultures 
a time, the cultured myeloblasts began to 
mature. This significant finding is con- 
firmed by the present experiments, which 
show that fresh normal blood plasma will 
produce a maturing effect on the myelo- 
blasts of acute myeloblastic leukemia in 
The 


maturation produced in the patient is, how- 


vo, just as it does in tissue culture. 


ever, only partial and is moreover of a tran- 
sitory nature, possibly because the sub- 
stance producing it is present in very small 
amounts in the plasma and is .quickly 
used up. There is a limit to the amount 
of plasma which can be given to a patient 
without getting into serious difficulty with 
In tissue cultures, the 
appearance of specific granules in the cul- 
tured myeloblasts takes place in a matter 
of hours. 
frequent 
eases would have been desirable, but the 


the fluid balance. 


It is realized that much more 


differential counting of these 
exigencies of a war-time teaching schedule 
made this impossible. A preliminary note 


on this work has been published.* 





OF 








LEUKEMIC MYELOBLASTS 70 
The essential results of Sabin, Austrian, 
Cunningham namely that 


whole blood transfusions cause maturation 


and Doan, 
of the myeloblasts of acute myelogenous 
leukemia, are confirmed by the present 
work, even though, as has been shown, 
it is impossible to be sure which cells they 
were counting as the more mature forms. 
It has been further shown that the matur- 
ing substance is carried in the plasma, and 
is not some factor liberated by the break- 
down of transfused blood cells. 

The substance which causes the matu- 
ration of the myeloblasts is not present 
in the gamma globulin fraction of the 
plasma, at least in the form in which this 
It is not 
present in ordinary dried plasma, if 1 test 
reliable criterion. Possibly it is 
destroyed during the processing and sub- 
It need hardly be 
added that the nature and amount of this 


fraction is currently available. 
is a 
sequent dehydration. 


substance present in fresh plasma are 
completely unknown. 
Summary. 


sions resulted in the partial maturation 


1. Fresh plasma transfu- 
of myeloblasts in 2 cases of acute myelo- 
blastic leukemia 

2. The results of other authors with 
whole blood transfusions are thus con- 
firmed. 

3. Fresh plasma will cause the partial 
maturation of leukemic myeloblasts in 
rivo as well as in vitro. 

1. The substance causing the matura- 
tion is not present in the gamma globulin 


fraction of blood plasma or in dried plasma. 
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GYNECOMASTIA ASSOCIATED WITH VITAMIN DEFICIENCY DISEASE 
By Raupn E. Hipspss, M.D. 


CLEVEL 


AND, OHIO 


From the Cleveland Clinic) 


An outbreak of gynecomastia was ob- 
served among the Americans held as 
Japanese prisoners-of-war in the Philip- 
pine Islands. This group of 7000 to 8000 
surrendered on Bataan April 9, 1942, and 
was liberated Jan. 30, 1945. During 
these 34 months malaria, dysentery and 
vitamin deficiency disease attacked almost 
every man in camp.” The prisoners were 
always underfed, suffered from all the 
avitaminotic states, acute and chronic 
bacillary and amebic dysentery, and 
malaria. 

The appearance of enlarged breasts did 
not closely coincide with the onset of any 
deficiency disease Nutritional edema, 
pellagra, ariboflavinosis, beriberi, periph- 
eral neuritis, scurvy, xerophthalmia and 
corneal ulceration had their onset in ap- 
proximately that order between April and 
December 1942. The first cases of gyneco- 
mastia were seen in November 1943, or 
after 1} years of prison life, almost 1 year 
since the appearance of a new deficiency 
disease. During this period there was a 
relative increase in diet providing approxi- 
mately 1200 to 1400 Calories and a cor- 
responding decrease in the incidence of 
malaria and dysentery. 

The census of the camp at this time 
was about 5000, of which 500 (10%) had 
breast disturbances. They were of mili- 
tary age, almost all between 20 and 
30 years. This group did not necessarily 
represent the severest cases of malnutri- 
tion, although there was usually a history 
of many deficiency diseases. Almost all of 
the men had gained from 10 to 50 pounds 
in the few months just prior to the “ epi- 
demic” of gynecomastia. There was no 
particular type of habitus among the in- 
volved men. 

The onset of gynecomastia was insidious 





but simultaneous in this group. It 1s 
impossible to say how long the process 
had been active, but within 2 to 3 weeks 
a small tumor appeared. Both breasts 
were involved, usually to the same degree, 
and the size was comparable to the breast 
of an adolescent girl. An irregular, firm, 
nodular mass, attached to the nipple but 
freely movable over the deep structures, 
could be felt. This was usually not tender 
except after trauma. Thin, slightly milky 
fluid was expressed in a. few cases, but 
this was not the rule. The maximum size 
of 2.5 to 3.5 em. in diameter was reached 
in 2 to 3 months, and regression was 
complete in about another 3 months. 

A few men continued to have nodular 
breasts, although small, even until libera- 
tion 1 year later. There were no changes 
in hair distribution or pitch of voice. The 
size of testicles almost always remained 
unchanged, although 5 or 6 men had lost 
a testicle during the period of vitamin A 
deficiency, due to suppurative orchitis. 
Symmetrical enlargement of one or both 
testes was observed in rare cases. Potency 
‘and sexual desire and nocturnal emissions 
were not noticeably changed, having been 
at a very low level before gynecomastia 
appeared. Sperm counts were not obtain- 
able. The rest of the examination revealed 
severe malnutrition, residual signs of neu- 
ritis and pellagra. 

Weekly examinations were done on a 
group of 100 men with gynecomastia. 
The course was one of steady progression 
and then regression, completed within 


6 months after onset. We became satis- 


fied that the lesion was self-limited, and 
no treatment was suggested. Improve- 
ment coincided with a shipment of Red 
Cross food and sufficient vitamins to pro- 





vide 
daily 
num 


gres: 
6 m 
rem 
ed | 
the 
No! 
exal 

D 
nev 
obv 
to \ 
the 
tem 
The 
erat 


rest 





HIBBS: 


vide each man with 1 vitamin capsule* 
daily beginning in January 1944. A small 
number of men continued to show a pro- 
gressive enlargement of the breast after 
§; months. These breasts were surgically 
removed. Macroscopically there appear- 
ed to be small projections of tissue in 
the ducts, intracanalicular fibro-adenomas. 
No facilities were available for microscopic 
examination. 

Discussion. A causal ‘relationship was 
never definitely established, but the most 
obvious explanation was a disturbance due 
We thought that 
the severe prolonged malnutrition had 
temporarily upset the endocrine balance. 
There was no clinical evidence of degen- 
eration of the liver which might have 
resulted in an excess of estrogen in the 


to vitamin deficiency. 


systemic circulation.! 
It is interesting to note that shortly 


500 U.S.P. units; Vitamin B; 
30 mg.); Vitamin G (riboflavin) 2 mg. 
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* These capsules were vita-kaps, each containing Vitamin A, 
(thiamine), 333 U.S.P. 
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DEFICIENCY DISEASE 
after the disappearance of the gynecomas- 
tia we discovered blood pressure readings 
above 140 mm. systolic and 90 mm. dias- 
tolic in about 60°, of the entire personnel. 
No attempt was made to check the blood 
pressure of those patients who had recov- 
ered from gynecomastia. The hyperten- 
sion was transitory, lasting from 4 to 
6 months, and adrenal dysfunction was 
the suspected cause. 
Conclusions. 1. About 500 
gynecomastia were seen in males after 
severe, prolonged malnutrition. It ap- 
peared many months after the onset of 


cases of 


any of several deficiency diseases, while 
there was a relative increase in diet. 

2. There appears to be a relationship 
between endocrine balance and adequate 
vitamin intake. 

3. Transitory hypertension may be fur- 
ther evidence of this relationship. 

5000 U.S.P. 
Vitamin 


units; Vitamin D, 


units (1 mg.); C, 600 U.S.P. units 
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THE EFFECT OF PATENT DUCTUS ARTERIOSUS ON BODY GROWTH" 


By Witu1am B. Porter, M.D. 


DEPARTMENT OF MEDICINE, SCHOOL OF 


Review of key publications!*4° 5 deal- 
Y I 


ing with various aspects of persistent 
patency of ductus arteriosus reveals no 
essential concern with the effect of this 


congenital vascular lesion on body growth. 

Evaluation of the effect of any one factor 
on body growth is difficult because of the 
complexity of growth influences in general, 
but the problem is to a degree simplified 
by the nature of the physiologic disturb- 
ances concerned in patency of a ductus 
Most if not all elements influ- 
growth transported to the 
the blood 
is reasonable to infer that a 


arteriosus. 
encing are 


tissues of the body through 
stream It 
lessening of the quantity of blood reaching 
the tissues, or a reduced concentration in 
the blood of growth promoting elements, 
will influence the rate of body 


And if 
through the growth period, stunting will 


growth. 
one or both influences persist 
result 

The degree of patency and the conse- 
quent dynamic alteration of the circulation 
varies greatly in magnitude. The shunt of 
blood from the aorta to the pulmonary 
artery may vary from a few ce. to 70°7° 
or more of the output of the left ventricle. 
Manifestly in many patients the normal 


quantity of blood delivered to the left 
ventricle by the right ventricle is shunted 
from the aorta so that physiologically 


sufficient quantities do not perfuse the 
body tissues; the deficit depending upon 
the size of the patency and the capacity of 
compensating mechanisms. 

One is rarely impressed with the small- 
ness (height and weight) of many patients 
who have patent ductus arteriosus until 
he observes them in very striking contrast 
of body size with their parents, brothers, 
sisters, and children. 


This study is concerned with 3 patients. 


Presented at the 59th Meeting of the 


MEDICINE, 
RICHMOND, 


Associ ition ol 


MEDICAL COLLEGE OF VIRGINIA 


VIRGINIA 

The charts are designed to show the con 
trasting physical size, height, weight, and 
No 
factor other than the patent ductus could 


body surface area in square meters. 


be found to account for the smallness of 
each of the 3 patients, and when the ductus 
he 
stripped his twin in height in less than 


was successfully closed in one, out- 
3 veals. 
Case |. 


a ductus | 


Fig. | 


ecm. in diameter 


a female, aged 23, had 
at operative 
ligation. 


This patient had gross cardia 


enlargement and early congestive failure 


She was considerably shorter and_ less 
heavy than her parents, brother, and 
sisters. 

Case 2. ig. 2) a mother, aged 34, is 


considerably shorter and less heavy than 
her parents, brothers, sisters, and her own 
child, aged 15. ; 

one of identical mal 
The 


one with a gross patency was both shorte1 


(Fig. 3) 


twins, aged 11, 


Case 3. 


the other normal. 


and lighter than his twin; 35 months afte 
surgical cure, he had grown 16.4 em. which 
was 6.1 em. more than the growth of the 
normal twin. 

Discussion. At the it was 
admitted that the evaluation of growt!] 


beginning 
inhibiting factors is difficult, vet a stud) 
of the charts is convincing that a factor 
did exist in these patients which inhibited 
the anticipated genetic growth influences 

All 3 of the patients « njoyed good hom: 
environments, had no peculiar food habits 
and economically were in the upper strat 
of society. 

They had each been peculiarly free fron 
infections and from a physical standpoin 
were normal except for body size and th: 
cardiovascular defect. 

None of the patients were interested i 
The 


sports requiring physical activity. 


American 


Physicians, 


May 


1946, 
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FATHER MOTHER BROTHER SISTER PATIENT 
2.00 
1.508 
1.00 3 
50 5 
” 
0 
Ht. 185 168 188 170.2 160 cm 
Wt. 86.9 67.3 83.2 60.4 47.3 kilo 
hic. 1 
FATHER MOTHER BROTHER SISTER PATIENT DAUGHTER 
12.00 O 
1.50 8 (— 
1.00 2 
50 ¢ 
» 
Ht. cm 175.4 167.5 180.4 170.2 154.8 167.6 
Wt. kilo 90.9 73.3 84.1 61.4 52.7 57.3 
Fic. 2. 
PATIENT BROTHER 
Ht. cm Wt. kilo Ht. cm Wt. kilo 
May 1943 146.1 32.2 149.8 35.9 
Operation 
April 1946 162.5 40.9 160.1 45.5 
Growth in 3 years 16.4 cm Growth in 3years 10.3 cm 
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stated that they simply did not enjoy such 
exertion; however it is more likely that 
they had been inhibited by physical limi- 
tations. Non-participation in sports is not 
a logical explanation for the stunting of 
growth 

In this connection it is interesting to 
comment on the twins. Before operation 
the twin with the patent ductus took little 
exercise. Since his recovery he has become 
than his 
This may be an 
explanation for the fact that his weight 
has not kept pace with the growth in 
height. Skeletal growth, after all, is much 
more significant in a youth of*the patient’s 
age than the accumulation of fatty tissue. 

Finally it must be emphasized that if a 
patent ductus retards body 
growth its effects will be clinically im- 


even more active physically 


normal twin brother. 


arteriosus 


pressive only in those patients in whom the 
circulatory shunt is of considerable mag- 
nitude. 
satory adjustments may in some instance 


Even in these patients compen- 


DUCTUS ARTERIOSUS ON BODY GROWTH 


so nullify the effects that growth is normal. 
It is doubtful therefore, if there is an abso- 
lute ratio existing between the size of the 
patent ductus and the consequent growth 
inhibition for the complexities of biological 
results cannot be predicted by mathemat- 
ical equations. 
Summary. 
tients to have been definitely influenced by 


The charts show these pa- 


some factor resulting in positive inhibition 
of body growth. The only apparent and 
consistent influence is that of patent duc- 
tus arteriosus, presumably due to the 
lessening of the normal supply of blood to 
the body tissues. 

The rapid increase in height observed 
in the twin after operative closure of a 
patent ductus is impressive and con- 
vincing. 

In many patients the growth inhibiting 
factor is an added reason for surgical liga- 
tion of a patent ductus arteriosus. 

The optimum period fer operation is 
probably before the age of 11 years. 
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HEBERDEN'S NODES 


VI. THE EFFECT OF NERVE INJURY UPON THE FORMATION OF DEGENERATIVE 
JOINT DISEASE OF THE FINGERS 


By Ropertr M. Srecuer, M.D. 
AND 


Louis J. KARNosH, M.ID). 
CLEVELAND, OHIO 


From the Departments of Medicine and Neurology of Western Reserve University Medical School 
at City Hospital) 


HEBERDEN’S nodes are enlargements of 
the terminal interphalangeal joints of the 
fingers due to degenerative ‘oint disease. 
Although the process always starts in one 
finger it soon spreads to others until 
several fingers of both hands are affected. 
lt is the purpose of this presentation to 
describe a series of cases in which Heber- 
den’s nodes failed to appear in one hand 
which was the site of serious trophic 
nerve disorder although deformities had 
developed to a severe degree on the 
healthy or non-paraly%Zed side. 

Isolated nodes occurring in a single 
finger, the result .of direct injury and 
most often seen in males, do not spread 
to uninjured digits and are not to be con- 
fused with the so-called idiopathic Heber- 
den’s nodes with which the present dis- 
cussion is particularly concerned. Former 
studies indicate that the formation of 
idiopathic Heberden’s nodes is influenced 
by sex, age and race, being most common 
n white women after the age of the 
menopause.* The most important factor 
0 far recognized in etiology is heredity.?" 
The hereditary influence was indicated 
v observing that the mothers of affected 
vomen were involved twice and the sisters 
} times as often as women in the general 
population. The distribution of involve- 
nent among family pedigrees together 
vith gene frequency analysis supported 
he hypothesis that the genetic mechan- 
sm of idiopathic Heberden’s nodes in- 
olves a single autosomal gene, sex influ- 
need, dominant in females and recessive 
n males. 

Although susceptibility to this condi- 


tion depends upon genetic and constitu- 
tional factors, clinical evidence indicates 
that Heberden’s nodes develop only in a 
hand which has an intact nerve supply, 
which functions normally and in which 
the tissues are not subject to trophic dis- 
order. The lesion fails to develop or is 
retarded in its progress in the presence of 
either peripheral nerve damage, spinal 
cord disease or palsies of cerebral origin. 
This fact is demonstrated by 3 cases we 
have observed and are describing here- 
with and by 9 cases described in the 
literature and by personal communica- 
tions. The first case is one of a woman 
with a peripheral nerve lesion. 


Case Abstracts. Case 1. Mrs. E. V.,a 
53 year old white woman, was first observed 
in 1939 because of enlargements of the 
finger joints. There was no history of joint 
disease in the parents. The patient was 
the fourth of 8 children, 5 of whom are 
living. The oldest sister, age 61, reported 
by correspondence that her right forefinger 
became enlarged 4 years before and that the 
joints of all the fingers of the right hand 
and the forefinger of the left hand are now 
enlarged. Another sister, age 56, reported 
by correspondence an enlargement of several 
fingers of 2 years duration. 

Past History. There were no serious ill- 
nesses Or major operations. At the age of 
41, 12 years ago, the patient sustained a 
deep laceration from a broken milk bottle 
in the left palm through the thenar emin- 
ence resulting in a paralysis of the index 
and middle fingers and a partial paralysis 
of the thumb, ring and little fingers. The 
menses stopped at the age of 50 years. 
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since which time she has had frequent hot 
flashes. 

Present Illness. In the right or uninjured 
hand the forefinger began to enlarge at 
the age of 50, 3 vears ago, since which time 
all the other fingers of the same hand became 
similarly involved. The enlargement of the 
joints which were originally involved con- 
tinues to increase but at no time has there 
been any pain or serious discomfort. In 
contrast only the little finger of the lacerated 
hand developed joint enlargement, the other 
fingers having escaped this involvement. 
Disease of other joints, particularly of the 
arge articulations, has not been demon- 
strated. 
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was obviously an injury to the median nerve, 


shows striking differences from the above. 
Instead of the typical bulbous appearance 
of Heberden’s nodes, the index and middle 


fingers of this hand are thinner, have a 
tapering appearance and seem to be actu- 
ally longer than their mates. The skin is 
thin, glossy and relatively free of wrinkles 
The index finger shows a flexion deformity 
of the proximal finger joint, while the mid- 
dle finger is stiffened and straight. The 
flexion deformity of the terminal joint of 
the ring finger can be corrected by passive 
motion. 

A neurologic study of this injured hand 
indicates that the laceration resulted in a 








Fic. 1 Mrs. E. V. 


Right hand shows enlargement of the terminal joints of the index and littl 


fingers. In the left hand, the index and middle fingers are thin and tapering. Skin on these finger 


while the middle finger is stiffened and str right 


laceration 12 vears before 


Physical Examination. In the right hand 
where no nerve injury occurred, the terminal 
joints of the fingers are enlarged (Fig. 1). 
This is particularly prominent in the index 
and little fingers both of which are further 
deformed by deviation. The normal wrink- 
ling of the skin is clearly marked, especially 
over the proximal interphalangeal joints. 
There is no sign of motor weakness and the 
patient can make a tight fist with a normal 
closure. 

In contrast, the left hand in which there 


s thin, glossy and free of wrinkles. The index finger shows a flexion deformity of the proximal joint 


The median nerve of the left hand was injured by 


section of the distal sensory and motor 
branches of the median nerve. There i 
marked atrophy of the thenar muscles 
The thumb fails to oppose or flex fully in the 
closure of the fist. Complete active flexior 
of the.index and middle fingers is impossib|: 
because of paralysis of the first and secon 
lumbricals. Anesthesia or hypoesthesia 
present along the entire palmar surface « 
the middle finger and over the distal on 
third of the index finger. 
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Roentgen Ray Studies. In the right or 
ininjured hand there is a marked lateral 
enlargement of the proximal end of each 
distal phalanx with apparent shortening of 
this bone (Fig. 2). The distal end of each 
second phalanx shows a bulbous enlarge- 
ment involving the terminal third of its 
length most marked in the index finger. 
Joint surfaces are not distorted. There is a 
very small spur on the ulnar side of the 
proximal end of the fifth terminal phalanx. 
Other joints of the right hand are appar- 
ently normal. 
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evident in the ring and little fingers whose 
nerve supply is predominantly from the 
ulnar trunk. 


Case Summary. A patient, 55 years old, 
who had a hereditary predisposition to 
Heberden’s nodes, suffered a median nerve 
injury of the left hand 6 years before the 
In the 
area ordinarily supplied by the injured 
median nerve the skin suffered trophic 
changes and Heberden’s nodes failed to 


actual appearance of such nodes. 








ide 








Mrs. E. V. 


ig. 2. 


Roentgenogram of the fingers of the right hand show marked lateral enlarge- 
ment of the proximal end of each distal phalanx with apparent shortening of this bone. 


The distal 


end of the second phalanx shows a bulbous enlargement involving the terminal third of its length most 


marked in the index finger. 


Joint surfaces are not distorted. 


There is a very small spur on the ulnar 


side of the proximal end of the fifth terminal phalanx. 
Roentgenogram of the left or injured hand reveal marked demineralization of the index and middle 
fingers being most prominent in the middle and terminal phalanges of these two fingers where the 


verlying tissues are supplied exclusively by the sensory branches of the median nerve. 


Flexion de- 


ormity, a non-compact bone structure and bulbous enlargement of the terminal joints, signs of mild 
Heberden’s nodes, are evident in the ring and little fingers whose nerve supply is predominantly from 


the ulnar nerve. 


Roentgen ray studies of the left or injured 
hand reveal a marked demineralization of 
the index and middle fingers. This demin- 
eralization is sharply limited, being most 
prominent in the middle and _ terminal 
phalanges of these two fingers, where the 
verlying tissues are supplied exclusively 
by the sensory branches of the defective 
median nerve. Flexion deformity, a non- 
‘ompact bone structure and a bulbous en- 
argement of the terminal finger joints, the 
signs of mild Heberden’s nodes, are clearly 


develop in those bones which derived sen- 
sory nerve filaments from the injured 
nerve alone. Nodes did, however, appear 
in the index and little finger of the unin- 
jured hand and were apparent in the ring 
and fifth finger of the lacerated hand. De- 
mineralization and failure of node forma- 
tion was not so pronounced in phalanges 
which have a double nerve supply, 7. e., 
where the radial or ulnar nerves overlap 


the median nerve distribution. This sug- 
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gests that trophic bone disease depends 
largely upon damage to the sensory nerve 
supply to the joints and to the periosteum 
as well as to modification of blood supply. 

McEwen’ mentioned 3 patients with 
unilateral Heberden’s nodes. In the hand 
where they did not occur there had been 
peripheral nerve injuries with obvious 
trophic changes in the skin. In 1 of 
these patients, 3 fingers were useful and 
2 were paralyzed in the injured hand. 
There were marked Heberden’s nodes on 
the intact hand, moderate formations on 
the functioning fingers of the injured hand 
but no sign of nodes on the paralyzed 
fingers. 

The second case is one of a woman with 
a lesion of the spinal cord. 


Case 2. Mrs. L. M., a 68 year old white 
woman was first seen in 1939 because of 
pain in the right shoulder. Family history 
revealed no record of joint disease except 
in the patient’s eldest daughter, age 44, 
who was found on examination to have 
well-marked enlargements of the terminal 
joints of all the fingers except the thumbs 
diagnosed as idiopathic Heberden’s nodes. 

The past history revealed infantile paralysis 
in early childhood which affected the right 
arm leaving it smaller and weaker than the 
left but with no definite paralysis of any 
one muscle group. 

Present illness began 6 years before at the 
age of 62 with enlargement of the terminal 
phalanx of the left forefinger. The left 
little finger became involved only within 
the last year. Neither of these deformities 
could be attributed to local trauma. 

Shortly after these enlargements were 
first noted on the left hand, at age 65, the 
patient sustained a trivial injury to the 
right elbow, which was followed shortly by 
pain and stiffness of the right shoulder. The 
shoulder was later found to be ankylosed 
and consequently was manipulated under 
anesthesia. This procedure was followed 
by immobilization in abduction for several 
days. Two months later when she was 
examined, the right arm and hand were 
painful and useless. The pain and swelling 
were so severe that an erroneous diagnosis 
of gonorrheal arthritis had been made. The 
hand was swollen, the skin was shiny, eyan- 
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otic, cold and mottled in appearance. The 
wrist: was fixed in partial flexion, the fingers 
were extended and passive motion was 
greatly restricted and painful. The sensory 
findings consisted of an hy poesthesia in the 
fields of the median and ulnar nerves. The 
motor and sensory defects suggested a mild 
combined palsy of the median and ulnar 
nerves. 

Roentgenograms taken at the time of her 
first visit showed marked demineralization 
and other features typical of Sudeck’s bone 
atrophy in the injured hand and arm. Defi- 
nite deformity of the left forefinger due to 
early Heberden’s nodes was seen at this 
time. The median and ulnar nerve paralysis 
was vigorously treated with heat, massage, 
active and passive exercise, so that both 
right arm and hand have regained their 
former degree of limited function. 

Photograph of the hands taken 27 months 
after her first visit shows the right or 
atrophied hand to be the same length but 
definitely more slender than the left. The 
skin of the partially paralyzed hand is 
thinner, tighter and shows a marked loss of 
wrinkling as compared to the left. The 
terminal interphalangeal joints of the once 
paralyzed hand are quite small, giving the 
fingers an appearance of constriction. In 
contrast the forefinger of the left or nor- 
mally developed hand shows enlargement, 
flexion and ulnar deviation of the terminal 
joint and normal skin wrinkling. The 
middle finger, as well as the little finger, 
presents the same bulbous deformities and 
only the ring finger of the uninjured left 
hand appears to have escaped the joint 
deformities characteristic of Heberden’s 
nodes. 

Reéxamination 6 vears later, at age 73, 
shows the right or partially paralyzed hand 
to be essentially unchanged in appearance 


or function. The left or arthritic hand 
(Fig. 3) shows increased enlargement of all 
the terminal joints. There are enlarge 


ments and lateral deviation of the index, 
middle and little fingers and enlargement 
of the ring finger. 

Roentgen ray studies of both hands taken 
at the time of the first visit, 27 months 
later and finally in 1946, 9 years after the 
first visit all show marked generalized de 
mineralization throughout the entire bony 
structure of the palsied hand. The joint 
surfaces are everywhere smooth and regulat 
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Pic. 3.—Mrs. L. M. The right hand has been seriously affected by infantile paralysis, being defi- 
nitely atrophied as compared to the left. The skin is thinner, tighter and smoother than on the left 
hand. The terminal interphalangeal joints are small and appear to be constricted. The left or nor- 
mally developed hand shows enlargement and flexion deformity of all the terminal joints. The index, 
middle and little fingers show lateral deviation also. 























Fic. 4.—Mrs. L. M. Roentgenogram of the right or palsied hand shows marked generalized demin- 
alization of all bones and extreme thinning of the cortex. The shape of the bones and the contour 
the joints are absolutely normal. Roentgenogram of the left hand shows deformity of all the terminal 
terphalangeal joints. There is decrease of joint space, irregularity of joint line, broadening with 
uur formation of the proximal end of the distal phalanges and bulbous enlargement of the distal por- 
yn of the second phalanges. The other joints of this hand are normal. 
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and the joint spaces are of normal width. 
Little or no change is seen in this hand dig- 
ing the period of observation. 

Roentgenograms of the left, the unpara- 
lyzed or arthritic hand at the time of the 
first visit, showed arthritic deformity in the 
terminal joints of the index and little finger. 
The other fingers were apparently not 
affected. At the time of the last visit, 
6 vears later (Fig. 4), the terminal joints of 
all four fingers show decrease or obliteration 
of joint space, marked irregularity of joint 
line, broadening with spur formation of the 
proximal end of the terminal phalanges and 
bulbous enlargement of the distal portion 
of the second phalanges. The other joints 
of this arthritic hand are normal. 
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and swelling with Sudek’s bone atrophy 
Even at that 
time, however, definite joint deformity of 
the left forefinger of the other hand was 
Roentgen ray. The pre- 


of the entire right arm. 


apparent by 
existing infantile paralysis with conse- 
quence trophic bone disturbance undoubt- 
edly prevented the formation of Heber- 
den’s nodes. Nine years after her periph- 
eral nerve injury there was still no 
evidence of Heberden’s nodes on the right 
hand. Heberden’s nodes on the left hand 
became larger during this period of ob- 
servation. 


Hench® described an elderly woman 














Fic. 5.—Marked Heberden’s nodes on the fingers of the right hand only. The left hand has bee: 
spared. Patient had infantile paralysis in childhood resulting in partial paralysis and lack of develop 
ment of the left hand. Photograph and case history by courtesy of Philip S. Hench, M.D., and the 


Mayo Clinic. 

Case Summary. This is a woman 68 
years of age when first seen whose right 
hand was imperfectly developed because 
of infantile paralysis in early childhood. 
She had Heberden’s nodes of the other- 
wise normal left hand whose joint disease 
first appeared 6 years before. At the 
time of her first visit she had a painful 
right shoulder which had been manipu- 
lated and after which she suffered a mild 
but definite combined paresis of the right 
median and ulnar nerves, painful stiffness 


who had infantile paralysis as a_ child 
with resultant partial paralysis of 1 arm 
and hand. Despite persistent atrophy 
and arrested development of this hand 
she had slowly regained considerable us« 
of it, so that functional recovery wa 
Years later defi 
nite Heberden’s nodes developed on th: 


approximately 50. 


fingers of her normal hand but no ev! 
dence of them appeared on the partiall; 
Beard! re 


ports having seen an elderly woman wh 


paralyzed extremity (Fig. 5). 
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suffered infantile paralysis as a_ child 
which left her with impaired development 
and function of the left arm. She had 
marked Heberden’s nodes of all fingers of 
the right hand when first seen 10 years 
before her death. There were no Heber- 
den’s nodes of the fingers of the left hand. 

It has been observed that hemiplegia 
due to cerebral apoplexy may prevent 
the development of Heberden’s nodes, 
though they become well marked on the 
Forestier® described a 55 
year old woman with a right hemiplegia 
of 7 years duration who developed Heber- 
den’s nodes on all the fingers of the non- 
paralyzed hand.about 8 months after her 
stroke. His communication included ex- 
cellent photographs and Roentgenograms 
of both hands. 

The same author presented a second 


normal side. 


woman who suffered a right hemiplegia 
due to hypertension at 59 years of age. 
For 2 years before the attack of apoplexy 
she observed nodosities on both thumbs 
and left forefinger. Since the hemiplegia, 
the degree of arthritis of the right thumb 
has remained stationary and there has 
been no extension to the other fingers of 
the paralyzed hand. However, in the 
left hand the arthritis has extended to 
the distal joints of the middle and ring 
fingers and the proximal joints of the 
second, third and fourth fingers. 

Coste and Forestier? described a 66 year 
old woman who had a right-sided hemi- 
plegia with facial paralysis and aphasia 
) years before. She had had pain and 
leformity of the right thumb 10 years 
efore the stroke. One year after the 
troke of paralysis, the pain, swelling and 
tiffness attacked all the joints of the non- 
varalyzed hand. The process had_ pro- 
ressed until she presented a complete 
ut unilateral picture of advanced Heber- 
en’s nodes. The right or paralyzed hand 
emained free of joint disease. 

The same authors report a man with 
emiplegia of 10 years duration who 
eveloped typical advanced Heberden’s 


odes on the sound side but little or no 
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evidence of joint disease in the hand on 
the paralyzed side. 

It is seen that Heberden’s nodes have 
failed to develop in the presence of lesions 
of the peripheral nerves, spinal cord or 
upper motor neuron lesion. The question 
arises as to the effect such lesions might 
have on Heberden’s nodes already present. 
One such case has been observed. 


Cask 3. Mrs. C. C. was first seen at the 
age of 50 with well-developed Heberden’s 
nodes on all fingers of both hands. The 
enlargements increased in size consider- 
ably over a period of 2 years. She suffered 
a cerebral accident which left her with par- 
tial paralysis of her left side. Photographs and 
Roentgenograms of both hands were made 
at the ages of 52 and 53, 15 months after 
her apoplexy. Before the stroke both hands 
were quite similar. Photograph of the left 
hand at age of 52 showed marked enlarge- 
ment of all the terminal interphalangeal 
joints with flexion deformity and deviation 
of the index and little finger. Photographs 
of the same hand after the stroke shows 
that the enlargement of the joints have 
become much less marked, the fingers have 
become smaller and decreased in diameter, 
the skin has become tight and smooth and 
it has lost much of its normal wrinkling. 
The fingers show mild flexion deformities 
(Fig. 6). 

Roentgenograms of both hands at age of 
52 show marked enlargement of the prox- 
imal ends of all distal phalanges and bul- 
bous swelling of the distal ends of the 
second phalanges. There is irregular spur 
formation. The joint surfaces are distorted 
and uneven, the joint spaces are decreased 
in width. Because of flexion deformities 
they seem to have disappeared entirely in 
places. Roentgenogram 15 months after the 
stroke shows a marked demineralization 
throughout all bones of the left or paralyzed 
hand but the size, shape and outline of 
the bones remain absolutely unchanged 
(Fig. 7). 


A 53 year old woman 
with well-developed Heberden’s nodes in 
both hands was observed before and 15 
months after a left-sided hemiplegia. A 
comparison of photographs and Roentgen- 
ograms of the hands before and after the 


Case Summary. 








stroke show that the Heberden’s nodes 
became much less marked and prominent 
than they had been before. This apparent 
recession of the process was due entirely 
to shrinkage of the skin and subcuta- 
neous tissues because the size and con- 
tour of the bones remained unchanged, 
although marked demineralization had 
occurred. 

Discussion. The idiopathic Heberden’s 
nodes affecting multiple fingers of both 
hands occur spontaneously in susceptible 
people after middle life. It was formerly 
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if the patient had been well and pursuing 
a normal life. It is now known that hard 
work or injury is not necessary to explain 
the occurrence of Heberden’s nodes. 
Heberden’s nodes are typical manifes 
tations of degenerative joint disease. The 
question arises as to whether the observa- 
tions of this study have any significance 
in relation to degenerative joint disease 
in other parts of the body. Degenerative 
joint disease usually occurs in middle or 
later life and is thought to be due to 
deficient or decreased circulation. Experi- 

















Fic. 6.—Mrs. C. C. 


The left hand before and 15 months after her stroke. Before, there was marke 


enlargement of all the terminal interphalangeal joints with flexion deformity and deviation of the index 


and little fingers. 


After the stroke enlargement of the joints has become less marked, the fingers ar+ 


decreased in diameter, the skin looks tight and smooth. The fingers show mild flexion deformities 


believed that they developed in hard- 
working people in response to exposure of 
the hands to water or to injury. With 
this thought in mind, the failure of 
Heberden’s nodes to develop in the in- 
jured or paralyzed hand was attributed 
to lack of use and exposure to injury of 
that hand. Development of the lesion 
in the functioning hand was explained as 
due to increased use. It is readily ap- 
parent that the normal hand remaining 
for use by hemiplegic patients is less ex- 
posed to injury than it would have been 





mental support to this theory has bee! 
presented by Goldhaft, Wright and Pem 
berton.4| They produce bone proliferatior 
and spur formation in the patella of dog 
by surrounding this bone with mattres 
sutures, thus interfering with the circu 
lation to this bone. The prevention o 
Heberden’s nodes described here has beet 
associated with a nerve injury or a lesior 
in the central nervous system affectin; 
the vasomotor mechanisms in the para 


lyzed areas. This caused increased bloox 
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circulation to bone and resultant osteopo- 
rosis. 

Demineralization of bone is found in 
both upper and lower motor-neurone dis- 
ease, being diffuse in the former and 
localized in the latter. Both these types 
of nerve are accompanied by 
trophic changes in the affected part. 
Such changes consist of marked altera- 


lesic ns 
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tions in skin temperature, skin color, local 
circulation, sweating and loss of normal 
skin markings. There is shrinkage of 
the limb due to atrophy of subcutaneous 
tissuesy a lead pipe stiffness of the joints, 
pain on passive motion or pressure and 
fibrous ankylosis of the joints. The bones 
themselves show marked osteoporosis and 
and alteration in bone structure although 
































Fie. 7.—Roentgengrams of the left hand before the stroke show enlargement of the proximal ends 
ill distal phalanges and bulbous swelling of the distal ends of the second phalanges. There is irregular 
ir formation. The joint surfaces are distorted and uneven, the joint spaces are decreased in width. 
Roentgengram after the stroke shows marked demineralization of all bones but the size, shape and 
outline of the bones remain unchanged. 





the joint surfaces retain their normal 
contour and normal joint space is pre- 
served. Osteoporosis occurs very early 
in response to disuse even in normal limbs 
where no trophic soft tissue changes 
occur. The French clinicians who studied 
argued that 
the demineralization process, whatever its 


“hemiplegia sans arthritis”’ 


cause, was the factor which interfered 
with the development of joint disease.?“ 

The osteoporosis is only one of many 
responses to vasomotor disorder in a 
de Takats! is of the 
opinion that several apparently different 


paralyzed limb. 


entities in medical literature based on 
vasomotor disturbance are essentially 
one and the same phenomenon. He 
believes, therefore, that Weir Mitchell’s 
causalgia, Sudek’s atrophy, Leriche’s post- 
traumatic painful osteoporosis, the periph- 
eral trophoneuroses of Zur Verth and the 
chronic traumatic edema of Klassen are 
slightly different manifestations of a 
fundamental vasomotor irritability due to 
damage either to peripheral nerves, spinal 
cord or cerebral centers. He conceives of 
(a) An 
acute painful phase during which the 
limb is warm and dry and is sensitive to 


3 stages in this morbid process: 


jarring, air currents and emotional upsets. 
The subcutaneous and periarticular spaces 
are edematous, muscles are spastic and 
oscillometric curves indicate increased 
circulation. Osteoporosis only appears 
after 4 or 6 weeks of such hyperemia. 
(b) A second stage when the part is not 
so warm, and actually may become hard, 
cy anotic and cold to touch; the joints are 
stiff and spotty atrophy of bone becomes 
evident. (c) A final stage of general 
atrophy of skin, muscle and bone with 
ankylosis. 

de Takats is further of the opinion 
that the offending vasodilatation cannot 
be due to sympathetic efferent fibers and 
attributes the peculiar, painful and trophic 
disorders to an irritation of the so-called 
nocisensor fibers of Lewis® in the poste- 
rior root system which are capable of 
secreting a pain substance at their distal 
terminations. 


It is further assumed that 
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such irritation can occur at any of the 
3 sensory levels of the nervous system 
and therefore trophoneuroses and bone 
atrophy can be found in peripheral nerve 
injury, poliomyelitis and cerebral throm- 
bosis. This assumption appears to have 
adequate support in these case presenta- 
tions where osteoporosis and a concomi- 
tant failure of development of Heberden’s 
nodes was found in lesions of nerve trunks, 
the spinal cord and the gray and white 
matter of the cerebrum. 

The trophic disturbances described 
above following identifiable injury to the 
central nervous system led to increased 
circulation to the limb, demineralization 
of bone and protection against the devel- 
opment of Heberden’s nodes. These con- 
ditions must be clearly differentiated 
from other trophic disturbances of bone 
leading to neurogenic arthropathy or 
Charcot’s joint. In the latter instance 
the lesion causes a loss of deep pain sense 
plus an associated hypotonia of the mus- 
cles manipulating the joints. Use of such 
a hypotonic limb unprotected by pain 
sense causes serious tissue trauma. It is 
not clear why such a set of circumstances 
results in marked bone proliferation, bone 
destruction and foreign body formation 
in and about the joint. There is no gen- 
eralized osteoporosis as invariably oc- 
curred in the previous conditions. 

Summary. Idiopathic Heberden’s node 
(common manifestations of degenerative 
joint disease) usually involve _ fingers 
bilaterally. Nerve injuries of different 
types may interfere with their develop 
ment. Three cases of our own are de 
scribed and 9 cases from the literature 
are discussed. It was found that periph 
eral nerve injury, infantile paralysis an 
stroke prevented the development o 
Heberden’s nodes in affected finger 
though they developed to an advance 
degree on the unaffected hand. Suc 
nerve lesions invariably caused osteop: 
rosis which was presumably due to i 
creased blood circulation. Once Hebe 


den’s nodes are established, subseque! 
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venting the formation of Heberden’s nodes 
must be differentiated from another type 
of trophic disturbance leading to neuro- 
genie arthropathy or Charcot’s joints. 


cerebral apoplexy causes an apparent re- 
gression of the nodes due to shrinkage of 
soft tissues without alteration in the con- 
tour of the bones. ‘Trophic disease pre- 
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In an earlier publication, Pendergrass, 
Hodes and Griffith! described a bioassay 
method for detecting an antidiuretic sub- 
stance in-human serum. They considered 
that this substance originated, in all proba- 
bility, in the pituitary gland and could 
therefore be regarded as evidence of in- 
creased pituitary activity. Irradiation of 
the pituitary was carried out in a number 
of patients who had evidence of such in- 
creased activity and, in addition, clinical 
conditions which might be the result of 
such increased activity. In this group 
there were 31 patients with arterial hyper- 
tension, 24 of whom had an adequate 
follow-up. Five patients showed definite 
improvement in blood pressure and symp- 
toms, 8 showed subjective improvement 
only, and 11 were not benefited. In the 
present study a larger number of hyper- 
tensive patients were studied, treated and 
followed for a longer period. Also, certain 
additional data have been collected with 
the intention of improving selection of 
such patients. 

The historical aspects of pituitary ir- 
radiation have been reviewed previously.! 
Certain additional points, however, should 
be stressed: (1) In clinical hypertension 
due to increased activity of the pituitary 
gland, it is probably the excessive secre- 
tion of the pressor hormone that is at 
fault. Moreover, the pressor hormone is 
usually, and perhaps always, associated 
with the antidiuretic hormone. While 


there is no satisfactory bioassay method 
for the pressor hormone, one for the anti- 
diuretic hormone is available. For clini- 
cal purposes, therefore, it may be assumed 
that subjects with hypertension who show 
increased production of antidiuretic hor- 
mone also have an excess of pressor hor- 
mone. If such is not always the case, 
it may supply one reason why pituitary 
irradiation is not always effective. On 
the other hand, there is ample evidenc: 
that antidiuretic hormone may be present 
without pressor hormone, or, at least, 
some individuals with positive bioassays 
for antidiuretic hormone have perfect} 
normal blood pressure, as witness patients 
with premenstrual edema.’ (2) Ant- 
diuretic substance may be present in th« 
serum of a man or animal without the 
subject showing antidiuresis after water 
ingestion. The explanation for this is un- 
certain, but it may depend upon the 
development of a refractory state or th 
production of an opposing diuretic sub- 
stance, as previously considered by Grif- 
fith, Kimbrough, Corbit and Roberts 
(3) Antidiuretic substance may originate 
elsewhere than in the pituitary, as de- 
scribed by Walker. However, when the 
antidiuretic substance disappears fro1 
the serum of patients 1 to 2 months after 
pituitary irradiation, it appears likely that 
it can be regarded as being of pituitar 
origin. 


* Except for an occasional revision, this material was presented in the Scientific Exhibit, Septem 
1944, of the American Roentgen Ray Society and the Radiological Society of North America, Ir 


where it received the first award. 
+ Atwater Kent Fellow in Medicine. 
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Material and Methods of Study. All pa- 
tients treated were adults suffering from 
arterial hypertension. In all, 142 subjects 
received roentgen therapy, 62 males and 
80 females. However, adequate follow-up 
was secured on only 93 patients, and only 
these appear in the charts. The follow-up 
period ranged from 3 to 56 months, averag- 
ing 16 months. The few patients with the 
short follow-up period of only a few months 
invariably represented very ill patients 
whose results following therapy were poor 
and who could not return for later studies. 
If all patients with a follow-up period of 
less than 6 months had been eliminated 
however, the results of therapy would have 
appeared better than they were. As for 
age, the middle decades are best represented, 
47°% of the women being between the ages 
of 40 and 50, and 44° of the men between 
50 and 60 

Methods of Study. 1. Bioassay for anti- 
diuretic hormone in serum. This was ini- 
tially positive in all cases that were treated, 
and was the primary basis for selection. 
The technique is unchanged from that pre- 
viously described.! Bioassays were repeated 
at monthly intervals for 3 months after 
irradiation and thereafter, when possible, 
every 3 to 6 months. 

2. Roentgenograms of the pituitary fossa, 
in most cases. 

3. In some cases, bioassay for gonado- 
tropic hormone, presumably originating in 
the anterior lobe of the pituitary, at the 
level of 330 m.u. per 100 ce. of serum, by 
the mouse method of Rakoff.‘ 

4. Measurement of renal function, in most 
cases, by the plasma creatinine method of 
Steinitz and Turkand.® 

5. Measurement of cutaneous lymphatic 
flow, in most cases, by the patent blue 
method of McMaster. This was selected 
because in the rat increased flow can be 
demonstrated by this method following the 
ingestion of water and the administration of 
an antidiuretic dose of pitressin. 

6. Measurement of cutaneous capillary re- 
activity by direct observation under the 
capillary microscope, by the method describ- 
ed by Griffith, Roberts and Corbit.? 

7. Roentgen study of the urinary tract 
with the aid of diodrast or neo-iopax. This 
study is suggested because one can obtain 
additional evidence about individual kidney 
function. Likewise silent stones and unsus- 
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pected kidney lesions of significance occa- 
sionally are found. 

Technique of Roentgen Therapy. Since the 
previous publication, the tendency has been 
to use larger doses. While it will be seen in 
Table 4 that doses have been used varying 
from less than 1000 to 2000 R in air, and 
some good results have been achieved with 
low doses, the higher dose is preferred and 
49 of the 93 cases here reported were treated 
by it. The factors used at the present time 
are: kilovoltage, 200; milliamperage, 15; 
filtration, 0.5 mm. Cu plus 1 mm. Al added; 
half-value layer, 1 mm. Cu; type of machine, 
constant potential, oil-cooled; roentgens per 
min., 68.7; target-skin distance, 50 ecm.; 
number of portals, 2; size of portals, 9 cm. 
diameter; site of portals, lateral temporal, 
directed at the pituitary fossa; daily ex- 
posure, 50 to 200 roentgens to 1 portal; 
time of administration, 12 days; total ex- 
posure, 2 X 1000 roentgens in air. : 


Resutts. It will be seen in Tables 1, 2 
and 3 that slightly less than half the 
patients treated had a significant lowering 
of blood pressure, and slightly more than 
half showed appreciable clinical improve- 
ment. There is a good correlation be- 
tween treatment and change in systolic 
and diastolic blood pressure, and between 
change in blood pressure and clinical im- 
provement. The material is further 
broken up into 9 groups as shown in 
Table 4, where the best results are indi- 
cated in the columns on the left and the 
worst in the right-hand columns. How- 
ever, it should be noted that in the ninth 
group only can one be certain that no 
benefit was obtained, and it is this group 
that deserves further analysis so that such 
cases in the future would be either not 
treated, or treated differently. It is ap- 
parent from the upper part of the table 
that the principal finding, associated with 
failure of therapy, is failure of the bio- 
assay for antidiuretic hormone to become 
negative. This might suggest incorrect 
diagnosis except that it occurs less fre- 
quently when larger doses of irradiation 
are given, and, recently, we have under- 
taken a second similar course of irradia- 
tion within 3 months of the first course, if, 
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TABLE 1.—EFFECT ¢ 


Fr Pirurrary LRRADIATION Upon BLoop PRESSURE 


(a) Systolic Blood Pressures Before Irradiation 


Over 250 200-250 170-200 150-170 Below 150 
Over 250 4 
Systolic Blood Pressure 200-250 1 24 
After Irradiation 170-200 11 16 
150-170 . (7 S 5 
Below 150 (11) 6 5 


(6) Diastolic Blood Pressure Before Irradiation 


Over 140 120-140 L10- 120 100-110 Below 100 
Over 140 14 
Diastolic Blood Pressure 120-140 1 20 
After Irradiation 110-120 sig 6 11 
100-110 (1) (5 6 6 
Below 100 ar (10) (9 (4) 


Numbers refer to number of patients. 


Those in parentheses are thought to show good results and 
those italicized fair results. 


[aBLE 2.—CoORRELATION BETWEEN CHANGE IN SysSTOLIC AND IN DrastoLic BLoop PRESSURE 


FOLLOWING PirurtTarRy IRRADIATION 


Systolic Blood Pressure Change 


Good Fair No change 
| Good 21 7 1 
Diastolic Blood Pressure Change * Fair 1 12 
| No change 2 1 18 


raBLE 3.—CORRELATION BETWEEN CHANGE IN SystToLtic BLoop PRESSURE 
CLINICAL IMPROVEMENT 


AND 


Systolic Blood Pressure Change 


Good Fair No change 
Clinical Definitely good 17 7 6 
ara ¢ Probably good : 6 10 12 
Improvement bs = = 
No change . — 1 3 31 


ABLE 4 Factors INFLUENCING THE RESPONSE TO PirurraRY [IRRADIATION IN HYPERTENSION 


B.I 









5 = § 3 Ay : >. Cat 
™ a! ah es foal bf & ~ 
~* — > > =] S = 
~ ‘ 2 2 vl s 3 
g S Bey &0 2 = os 
x & roy ~ = 
> > > 
& S =| ES 
Group No.: 1 2 J 4 ) 6 7 g 9 
After treatment, bioassay antidiuretic hormone became 
m Negative 17 7 ) 10 r 7 ) 


. : i oe af eG ‘2 Fy ) l ri 2 10 
remained 
Positive 


: ° ‘ . » . : l ) l 21 
Before treatment, bioassay for gonadotropie hormone 
at 330 m.u.: 

Negative Tea ya ea se 9 5 2 7 2 6 l 14 

Positive , 7 aor at % ; l l > 
Before treatment renal function: 

Normal ; , ‘ = ° ‘ ‘ ‘ ‘ 10 6 2 6 2 ) 2 i 

Abnormal a nein ts — : l l 2 l 7 
Before treatment cutaneous capillary reactions: 

Normal ‘ . . 7 . 5 ; . ; ‘ 11 3 3 7 l l 3 2 16 

Abnormal : ; ; , : 4 ] 3 l 4 9 
Before treatment cutaneous lymphatic flow: 

Normal 6 4 2 6 5 2 

Abnormal 6 1 4 l 6 3 5) 
Roentgen dosage: 

2000 R or more i P : 3 - ‘ ‘ R 10 6 2 7 I 7) l 17 

1500-1990 R . ° ° e » ° ° . ° ° ° 4 i 2 l , l 3 2 7 

1000-1490 R . ; . . . ‘ . ‘ ; 3 bas ] 2 3 4 

Under 1000 R eo ee ee iia 1 1 2 aa | 3 
“*Selected"’ cases: 

(a) Renal function normal, gonadotropic hormone 

absent : ‘ ; ; : . ‘ ‘ ‘ . Ss t 2 5 2 3 l 10 
b) As (a) but only cases where AD became nega- 
Gave alter treatment . . .« «5 «© «@ « 8 4 l 4 2 l 4 
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after that interval, the test for antidiuretic 
hormone remains positive. 

It is apparent also, in Table 4, that 
persons with renal failure, or with a high 
titer for gonadotropic hormone in the 
serum, are apt to do badly after irradia- 
tion. While there appears to be a ten- 
dency for patients with normal capillary 
reactions to do better than those with 
abnormal reactions, and for those with 
increased cutaneous lymphatic flow to do 
better than those with normal flow, the 
tendency is not sufficiently marked to be 
useful in selection. The last section of 
Table 4, under (a), shows that by selec- 
tion of patients on the basis of a positive 
bioassay for antidiuretic hormone, normal 
renal function, and a normally absent bio- 
assay for gonadotropic hormone, one 
should reduce the group of complete fail- 
ures (Group 9) to 38%, and if one further 
eliminates the group given an insufficient 
amount of irradiation (which is the best 
explanation for the group where the bio- 
assay does not become negative) the group 
of complete failures (6) would appear to 
be only 16%, based upon the small series 
that remain. 

The pituitary fossa was enlarged in 
7 of 28 cases. This did not seem to bear 
any relationship to the result of therapy. 
Where the fossa was enlarged, a pituitary 
tumor was suspected and in certain in- 
stances, the roentgen ray dosage was 
increased. 

Complications of therapy, except for 
the routine hair loss, did not occur in 
subjects who did not have papilledema. 
However, 5 patients with papilledema 
were treated, and 3 of the 5 showed a fairly 
characteristic reaction. About 6 hours 
after the first treatment a severe headache 
would develop, and this, in a few hours, 
would be followed by stupor, or delirium, 
finally coma and convulsions, from which 
the patient could be partially aroused by 
lumbar puncture with withdrawal of fluid 
to relieve pressure, and by hypertonic glu- 
cose given intravenously. The following 
morning the patient would appear to be 
quite normal and usually had no clear 
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recollection of the previous evening. Ir- 
radiation was continued, cautiously, and 
subsequent reactions did not occur. This 
crisis is thought to be due to a choroid 
plexus hyperemia, with increased forma- 
tion of cerebrospinal fluid. It is, there- 
fore, important that all patients who 
present papilledema be hospitalized dur- 
ing treatment. Since none of our patients 
with papilledema has shown a complete 
recovery after roentgen therapy, its rou- 
tine use under these circumstances is not 
recommended; however, 1 woman did have 
a remission in which her papilledema sub- 
sided, the symptoms cleared and, although 
her blood pressure did not reach normal, 
she was much improved and able to do the 
work for her large family for 5 years, or 
until 6 months before her death in uremia. 
Following irradiation, there has been 
no evidence of hypopituitarism. Electro- 
encephalographic studies were carried out 
in 12 patients who had received a total 
roentgen dosage ranging from 430 to 
4760 R. Those patients given more than 
2000 R had received more than 1 course 
of roentgen therapy but no evidence of 
damage to brain tissue was found. 
Relapses occurred 13 times in 10 pa- 
tients, varying from 6 months to 4 years 
after irradiation, averaging 18 months. 
Eight patients were given 2 courses of 
treatment, and 1 patient was given 3. 
Summary and Conclusions. Pituitary 
irradiation as a treatment for high blood 
pressure was given to 142 patients without 
untoward effect, although 3 persons with 
papilledema showed severe acute but 
transient reactions indicating increased 
intracranial pressure. Only 93 patients 
were adequately followed for a period 
varying from 3 to 56 months, averaging 
16 months. About half of these persons 
showed improvement in blood pressure 
and clinical condition. All of these indi- 
viduals were selected on the basis of a 
positive test for antidiuretic hormone in 
the serum. From a consideration of other 
studies and of the results of varying roent- 
gen dosage, it is concluded that the chance 
of benefit from radiation therapy to the 
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in hypertension should be at 
least 75% if cases are selected according 
(1) Positive bio- 
assay for antidiuretic hormone in serum. 
(2) Aroentgen dosage of 1000 R delivered 
into the hypophysis (2000 R in air), to be 
repeated in 3 months if the test for anti- 
diuretic hormone in serum has not become 
negative in that time. (3) A negative bio- 
assay for gonadotropic hormone in serum, 
at the level of 330 m.u. per 100 ce. of serum. 
(4) A normal renal function as shown by 
a plasma creatinine, by the method of 
Steinitz and Turkand, of 1 mg. % or less. 
(Presumably a test of urea clearance would 
be equally satisfactory.) (5) Good clear- 
ance of injected dye from each kidney as 
shown by urography. 


pituitary 


to the following criteria: 


Case Reports. Case 1. Patient, an ap- 
parently healthy white male, was first seen 
Feb. 26, 1941. He was 23 years old, and 
about a year previously his school physician 
had discovered his systolic blood pressure 
was 175. Several similar readings had been 
obtained. Physical examination was essen- 
tially negative except for the blood pressure 
which, after a week in bed, was 165/100. 
The usual laboratory studies, including tests 
for kidney function and urogram, were en- 
tirely negative. Bioassay for antidiuretic 
hormone was positive on 2 occasions. Ac- 
cordingly, he was given a course of irradia- 
tion to the pituitary from September 3 to 11: 
5 em. portals to temporal areas; 710 R (in 
air) to left temporal portal; 790 R (in air) to 
right temporal portal. Thereafter, he re- 
turned to school, and a report from his 
physician, October 20, stated that his blood 
pressure was no more than 150/95. On 
December 26, bioassay for antidiuretic hor- 
mone was entirely negative. Thereafter, 
blood pressure remained about 140/90, and 
in March 1944 he entered the army, with 
a systolic blood pressure recorded as 135. 
He had no difficulty in carrying out fairly 
rigorous duties for the next 2 years, and 
blood pressure was found within normal 
limits whenever tested. His own physician 
found a blood pressure of 126/80 shortly 
after his discharge, in May 1946. The 
army records included a description of an 
examination in 1940 when he had applied 
for reserve officers training in connection 
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had 


been 


and 
rejected with a blood pressure of 175. At 
the separation center the medical officer 
insisted that some error had been made in 
confusing the records of 2 different men. 


with his college program 


Cask 2. Patient, a white male 37 years 

of age, was first seen March 3, 1941. For 
} vears his family physician had found his 

blood pressure ranging about 180/120. How- 
ever, after several days in the hospital, . it 
fell to 155/100. Physical examination was 
otherwise essentially negative, and the usual 
laboratory studies were normal. Bioassay 
for antidiuretic hormone, however, was posi- 
tive, and patient was given a course of 
pituitary irradiation from March 7 to 15: 
5 em. portals to temporal areas; 695 R (in 
air) to left temporal portal; 805 R (in air) to 
right temporal portal. 

Bioassays for antidiuretic hormone were 
subsequently negative on April 14, May 16, 
June 27, September 8 (1941), and Feb.6, 1942, 
and on the same dates blood pressure was 
140/90, 138/88, 136/90, 130/82, and 138/90. 
His own physician has measured his blood 
pressure half a dozen times a year since, 
and states that it has never been over 138/90, 
and is usually 10 to 12 points lower. 

Case 3. Patient, a white male 47 years 
of age, was first seen Oct. 24, 1945. He 
complained of some palpitation, and dysp- 
nea during coitus. Hypertension had been 
discovered 3 months previously, and 9 
months previously he had successfully passed 
a physical examination for aviation pilot. 
Physical examination, however, in our 
laboratory revealed a blood pressure of 
200/128 and cardiac enlargement. Bio- 
assay for antidiuretic hormone was positive 
and plasma creatinine was 1.3 mg. % (top 
normal by this method 1 mg. %). Roent- 
gen ray examination of pituitary fossa, gall 
bladder, urogram was essentially normal. 
Electrocardiogram revealed sinus rhythm 
with ventricular extrasystoles, broad and 
enlarged P waves, and a slurred QRS com- 
plex with left axis deviation. Orthodiagram 
showed cardiac enlargement. Urinary specific 
gravity was 1.016 without attempt at con- 
centration. Although it was recognized that 
patients with renal damage usually do badly 
after pituitary irradiation, the only evidence 
suggesting renal involvement was the slightly 
elevated plasma creatinine. Accordingly, a 


course of pituitary irradiation was given 
November 26 to December 7: 


7 em. portals 
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to temporal areas; 1050 R (in air) to left 
temporal portal; 1000 R (in air) to right 
temporal portal. 

On Jan. 8, 1946, patient stated he felt 
much better, had no more palpitation and 
very little dyspnea during coitus. Blood 
pressure was 182/128, bioassay for antidiu- 
retic hormone was negative but plasma 
creatinine was 1.7 mg. %. On February 19 
patient still felt well, blood pressure was 
186/104, bioassay for antidiuretic hormone 
was negative, and plasma creatinine was 
1.8 mg. ‘¢. On April 17 he was definitely 
worse, with nausea and nocturnal dyspnea, 
blood pressure 186/118 positive bioassay 
for antidiuretic hormone, and plasma creati- 
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nine of 2.2 mg. %. On June 20 he was 
hospitalized with a blood pressure of 196/118, 
negative bioassay for antidiuretic hormone, 
and plasma creatine of 3.9 mg. ©. Subse- 
quent course was downhill, and he died 
with typical uremia on July 7. At necropsy, 
the heart was found to be markedly enlarged, 
with left ventricular hypertrophy. There 
was passive congestion of the liver and spleen 
and diffuse pulmonary edema. The kidneys 
were described as being of the granular 
hypertensive type but were not markedly 
contracted and the pathologist felt there was 
less cortical atrophy than might have been 
anticipated. The urinary tract showed no 
evidence of infection or congenital anomaly. 
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FURTHER STUDIES ON THE CORRELATION OF CHEMICAL STRUCTURE 
AND ANTITHYROID EFFECT 


By Roperr H. WituraMs, M.D). 
AND 
Guoria A. Kay, B.S. 


Assisted by BABETT 


BOSTON, 


From the Thorndike Memorial Laboratory, 


City Hospital, 


Second 
and the Department of 
THE early clinical experiences with thio- 

uracil indicated that serious toxic reactions 
sometimes occurred and this prompted an 
investigation, beginning in 1943, of other 
antithyroid compounds. It was hoped 
that the incidence severity of the 
toxic reactions might be reduced by ob- 
taining compounds with stronger 


and 


anti- 
thyroid action, thereby exposing the body 
tissues to a smaller concentration of the 
drug, or by finding substances which by 
their difference in chemical structure were 
less toxic than thiouracil even though 
their concentration in the body might be 
greater. During the course of these stud- 
ies there have appeared reports of similar 


E SoLomon, B.A. 


MASSACHUSETTS 


and Fourth Medical Services (Harvard 
Medicine, Harvard Medical School) 


, Boston 


and Astwood’s investigations! have been 
In addition to the com- 


have 


greatly extended.” 
pounds which we re “on upon! 
others have been investigated.® 

PLAN OF Stupy. In studies 
Astwood! that the com- 
pounds with pronounced goitrogenic effect 
were derivatives of 
Most of which we have 
studied have been of these types, there 
being numerous alterations in the struc- 
ture of the molecules. In addition, a few 
sulfur compounds were tested. 
basic structure 


his early 


found most of 
thiourea or aniline. 


the compounds* 


organic 
The of some of the more 
interesting compounds which have been 
tested in this and in previous studies are 


studies by McGinty and colleagues,‘*° shown structurally in Figure 1. 
ORTHOPHENYLENE P-CARBOXY 
THIOUREA AMINOTHIAZOLE ~ THIOUREA P-AMINOBENZOIC A. PHENYLTHIOUREA 
H-N—H)}----R H—N—H " 
N H 
| | a Hx a P 
R'----S=C ee8-C omit N ON 
us x | ’ i” Son OH 
H—N-H----R HH G—N : oR  S=G 
H R R H-N-H 
THIOURACIL THIOBARBITURIC A. THIOHYDANTOIN THIOPARABANIC A. THIOHISTIDINE 
H-N — C=O H-N—— C=O R--H-N —— C=O H-N-—— C=0 ——— G~ ¢- G- e 
| | | | si I | nm 4 
R--S-C C-H--R S-C Garr a $-C S-C 
| | | | | HH | | 
H-N-——C-H+-R H-N——C=0 a pommel H-N — C=0 HN———-C-H 
Fic. 1.—Basic structure of some of the interesting compounds studied. 


* We are very grateful to Mr. W. 
at the E. R. Squibb & Co., 
tested and for aid in many other ways. 


A. Lott and th 


Dr. R. A. Ha 


New York, kindly supplied a few of the chemicals which were tested. 


Cyanamid Company, Stamford, Connecticut, 





e late Dr. George A. Harrop and their associates 


New Brunswick, New Jersey, for supplying us with most of the compounds 


Yonkers, 
American 


rte of the Arlington Chemical Company, 
Dr. R. O. Roblin, of the 


supplied the 6-a-ethylpropyl-2-thiouracil. 
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lt was especially desirable to test the 
antithyroid effect of iodinated thioureas 
and aminobenzenes. It was 
hoped that the thyroid gland’s usual affin- 
ity for iodine would prevail in this in- 
stance and as a result of the high concen- 
tration of the antithyroid agent it would 
be unnecessary to expose the remainder 
of the body to large amounts of the 
compound. , At the same time there was 
full realization of the fact that the usual 
mechanisms of fixation of iodine in the 
thyroid’ might be antagonized by the 
thiourea or aminobenzene portion of the 
One would not expect a very 
striking effect in normal animals even 
though the compound might be practical 


iodinated 


molecule. 


in thyrotoxic subjects, because normal 


thyroid glands do not have as much avid- 
ity for iodine. Nevertheless, it was re- 
garded as being worthy ofa trial. It has 
not been possible for us to obtain an 
iodinated thiourea compound without a 
radical attached to the sulfur; many thio- 
ureas lose their antithyroid effect when 
the sulfur atom bears a substituent. 

The detailed methods of study have 
described." The rats used ordi- 
narily weighed about 40 gm. at the begin- 
ning of the experiment. Their healthy 
littermates gained, on the average, 4 gm. 
per day. The animals were given the test 
compounds in the drinking water, great 
care being taken to avoid wasting. After 
ingesting the solution for 14 days, the rats 
were killed and the thyroid gland was 
quickly removed and weighed. 

Since thiohistidine is a natural constitu- 
ent of the blood, it was especially desirable 
to determine whether it possessed any 
antithyroid effect. Although it had been 
previously studied in rats,"' and had been 
found to be without antithyroid effect, the 
quantity available was small. As an addi- 
tional test animal the chick was used to 
study this compound. To 10 ce. of 0.2% 
agar in saline was added 100 mg. of thio- 
histidine. Each of 3 chicks was injected, 
subcutaneously, with 0.1 cc. of the mix- 
ture twice daily for 14 days, beginning 
when the chicks were 2 days old. The 
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animals were then killed, along with the 
controls, and their thyroid glands were 
quickly removed and weighed. 

Resvuuits. Thiouracils. The most po- 
tent antithyroid compounds found were 
thiouracils with short-chain hydrocarbons 
Of these, the n-propy] 
derivative was the most active one, and 
it was also the most effective one found by 
Astwood, Bissell and Hughes.2 Cyclo- 
propylthiouracil and isobutylthiouracil 
were almost as active as was n-propylthio- 
uracil. The effectiveness of n-butylthio- 
uracil and amylthiouracil was much less 
marked, but all of these were distinctly 
more active than was thiouracil (Fig. 2). 

Of the compounds tested with substitu- 
ents in the 5-position, ethylthiouracil was 
the only one that was more active than 
The activity of the 5-ethyl- 
thiouracil was abolished when an ethyl 
radical was attached to the sulfur, as in 
2-ethylmercapto-5-ethyluracil (Table 1). 
When an amino group was in the 5-posi- 
tion the activity was lost. 


in the 6-position. 


thiouracil. 


The toxicity of all of the thiouracils was 
relatively low. There was no significant 
inhibition of growth. Moreover, micro- 
scopic examination of the liver, spleen, 
pancreas, kidneys, adrenals and gonads 
revealed that these organs were normal in 
appearance. 

Other Thioureas. None of this group of 
compounds tested possessed significant 
activity, with the exception of 2-amino- 
thiazol (Table 2). The latter compound, 
although many times less active than thie- 
uracil, produced a distinct effect when 
large doses were used. Several thioureas 
were fairly toxic, especially bis-(methyl- 
piperidine) thiourea, 1, 4-diazabicyclo(2,2,- 
1)heptane and_ bis-(2-hendecyl-2-imidazo- 
line-1-ylethy])thiourea. 

The chicks, treated with thiohistidine, 
experienced no thyroid enlargement. 

Anilides. Several anilides with struc- 
tures similar to p-aminobenzoic acid were 
studied (Table 2). The activity of each 
of these compounds tended to be relatively 
slight (Table 2), even in large doses. The 
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toxicity of diaminobenzophenone and _ p- 

aminocinnamic acid was fairly great. 

The iodinated 
little or no 
Moreover, several of 


Todinated Compounds. 
demonstrated 
antithyroid effect. 
these compounds were relatively toxic. 
Three 0.5% 
2-amino-3,5-diiodobenzoic acid succumbed 
after treatment for 4 or 5 days. The 4- 
amino-3,5-diiodobenzoic acid was less toxic 
the monoiodinated 
much less toxic. 


compounds 


groups of rats receiving 


and homologue was 


GOITROGENESIS OF 


STRUCTURE 





AND ANTITHYROID EFFEC 

of the various antithyroid compounds. 
In some instances the substances are rela- 
tively much more effective in rats than 


in humans and sometimes the reverse 1s 





true. Moreover, there are occasionally 








marked variations in the same species. = 
That such discrepancies should exist is s 
indicated by the variations in the absorp- 


tion, distribution and excretion of the 
compounds in rats and man.” z 
In some respects there are striking cor- a 


THIOURACILS 
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RELATION 








AMOUNT OF COMPOUND INGESTED IN FOURTEED 


Fig. 2 
is the parent compound. 
in terms of body weight of the animal. 


Combined Treatment With Para-amino- 
benzoic Acid and Thiouracil. It can be 
seen in Table 2 that when p-aminobenzoic 
acid is given simultaneously with thioura- 
cil the amount of goitrogenesis equals, or 
perhaps exceeds, an additive effect of the 
2 compounds. 

Discussion. 


of the results presented in this paper and 


In the clinical application 


In previous ones it must be borne in mind 
that the assays on rats are but coarse 
approximations of the relative activities 





Note that these derivatives of thiouracil are much more goitrogenic, or antithyroidal, than 
The size of the thyroid gland and the amount of drug ingested are expressed 


« 50 25 
¥ DAYS 


DAY 


wom “ 


TABLE 


relations of chemical structure to anti- 
thyroid effect. 





However, in many in- 
stances slight changes in molecular struc- 
ture lead to very unpredictable results, 
sometimes markedly increasing the activ- 
ity and at other times reducing it. 

On the the 
various investigators, especially Astwood’s, 


basis of observations of 
many generalizations may be made in cor- 
relating antithyroid activity with chemi- 
eal structure. The activity of thiouracil 
was distinctly decreased, or in some in- 
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stances lost, by any of the following 


changes in structure: 
1. Saturation of the double bond, 
dihydrothiouracil. 


2. Addition of methyl or ethyl substitu- 


as in 


ents on the nitrogen atoms. 
3. The presence of methyl or butyl radi- 
cals in the 5-position. 

4. The presence of substituents on the 
sulfur atom 

5. Additions in the 5- or 6-position of 
amino, 
groups. 

On the other hand the activity of thio- 
uracil was increased by: 


carboxy, carbethoxy or cyano 


1. The addition of short-chain hydro- 
carbons or the benzyl radical to the 6-posi- 
tion. 

2. The presence of an ethyl or propy! 
group on the 5-position. Substituents in 
the 5 and 6 positions (in 1 compound) 
showed no potentiation of effect. 

The activity of thiourea is augmented 
by the addition of short-chain 
hydrocarbons, as in diethylthioure: 
tetramethylthiourea. 


certain 
and 
On the other hand, 
in general the activity is greatly decreased 
or lost by : 

1. The addition of long-chain alkyl or 
aryl radicals. 

2. The imino or 
carbonyl radicals attached to 1 or both 
nitrogen atoms. 


presence of amino, 


9 


3. Substitutions on the sulfur atom. 

4. Conjugation of 2 thiourea molecules. 

It is of interest to point out that mere 
closure of the ring as in phenylthiourea, 
giving o-phenylene thiourea, greatly in- 
creases the antithyroid effect.* In a simi- 
lar manner the activity of ethylthiourea 
is increased when the ring is closed to 
form Addition of 
iodine to the 5-position of o-phenylene 


2-imidazoline-2-thiol. 


thiourea decreases its activity by about 
90 %. 

One of the nitrogens of thiourea may 
be replaced with oxygen or sulfur with 
One 


example is 2-mercaptothiazoline? which is 


the preservation of some activity. 


slightly more active than thiouracil. 
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AND ANTITHYROID EFFEC 


Although it has been found that in 
several instances when the sulfur of thio- 
urea is incorporated in a ring structure the 
activity is greatly decreased, this is not 
the case with 2-aminothiazole. It is of 
interest that when the C=S bond of thio- 
urea is saturated, as in 2-aminothiazole, 
activity is not lost.? 

None. of 
found to be as active as thiouracil, al- 
though 2 


the aminobenzenes has been 


have been found? to be one- 
fourth as active, 4,4’diaminodiphenylme- 
thane and_bis-(4-dimethylaminopheny])- 
methane. 

lodination of aminobenzoic acid did not 
cause any definite potentiation of anti- 
thyroid effect. 

With the data available it is not pos- 
sible to state whether p-aminobenzoic 
acid and thiouracil have a synergistic 
effect or whether they have a different 
site of action. 


additive effect. 


However, they do have an 


Many of the more potent compounds 
have been given a clinical trial.?-" 
Conclusions. 
in the 2 


Minor structural changes 
main series of goitrogenic com- 
pounds, thiocarbonamides and aminoben- 
zenes, may modify the activity of these 
compounds, sometimes causing a marked 
potentiation of effect and at other times 
greatly decreasing or abolishing the effect. 
The C=S linkage is essential, and usually 
without substituents attached to the sul- 
fur. In most instances this linkage is ad- 
jacent to 2 amino groups, although activ- 
ity can exist when 1 of the amino groups 
is replaced by an oxygen or sulfur group- 
ing. 


causes a potentiation of effect. 


Closure of thiourea chains generally 
Additions 
of short-chain hydrocarbons tend to aug- 
ment the effect of thiouracil, when at- 
tached to the 6-position. Thus far, iodina- 


of the 


derivatives has not augmented the goitro- 


tion thiourea and aminobenzene 


genic effect. The simultaneous ingestion 


of thiouracil and p-aminobenzoic acid 


appeared to result in an additive effect. 
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POSTHYPOGLYCEMIC ENCEPHALOPATHY 


CASE REPORTS 
By GrorGcE M. Jones, M.D. 


DALLAS, 


TEXAS 


From the Department of Medicine, Southwestern Medical College) 


THE clinical entity, posthypoglycemic 
encephalopathy, has been previously re- 
ported under headings of synonyms such 
as fatal hypoglycemia,*® mental deteriora- 
tion associated with convulsions and hypo- 
glycemia," cerebral damage from insulin 
shock,! irreversible or hyperglycemic insu- 
lin coma,®® prolonged coma after insulin 
hypoglycemia, fatal hyperinsulinism with 
cerebral lesions due to pancreatic ade- 
noma,” posthypoglycemic coma or syn- 
drome,'* and psychiatric complications of 
hypoglycemia in children.’ 

Even before the introduction of insulin, 
Joslin” recognized that hypoglycemia was 
a very serious factor in the treatment of 
diabetes. Wohlwill*® in 1928 made the 
first detailed study of brain changes in a 
diabetic dying from insulin shock, and in 
the same year Ravid*®’ summarized 6 cases 


N 


of transient hypoglycemic hemiplegia re- 
ported in the literature to that date in- 
cluding a case of his own. In the first 
case of benign tumor of the islands of 
Langerhans with hypoglycemia proved by 
antemortem blood studies, reported by 
McClenahan and Norris,” there were 
evidences of meningeal and cerebral irri- 
tation on postmortem examination. Carr,° 
in 1931, reported the case of a diabetic 
patient with hemiplegia for many weeks 
after hypoglycemia, and Bast, Schmidt, 
and Sevringhaus,® in 1932, reported a case 
of hypoglycemia with neurologic symp- 
toms persisting for 5 days after adequate 
feeding was instituted. At the same time 
Terplan®* reported the case of a 16-year 
old diabetic boy who did not regain con- 
sciousness for 3 days after insulin shock, 
the blood sugar levels being normal for 
these 3 days. Postmortem examination 
showed extreme edema of the brain and 
destruction of ganglion cells. Wilder‘ 


wrote: ‘A feature about this type of coma 
(hypoglycemia) that is very characteristic 
is its rapid termination when glucose is 
administered—but recovery is less certain, 
less rapid and less complete, even when 
sugar is given, the longer it persists. 
Irreversible changes may then occur in 
the brain: degeneration of the ganglion 
cells, or hemorrhages as described by 
Terbriiggen.” Since that time numerous 
reports of the same clinical entity have 
appeared in the literature. 

With this introduction, 2 cases person- 
ally seen by the author and one other case 
will be reported: 


Case Reports. Case 1: M. J. W., a 26 
year old white male, was first seen at his 
home on Sept. 8, 1943, at 6 p. m. He had 
been a known diabetic for 4 years, taking 
50 units of protamine zinc insulin daily and 
not adhering to any special diet. He had 
had several mild insulin reactions during the 
preceding two weeks. The day before he 
was seen he changed his working hours to 
the midnight to 8 a. m. shift. As his wife 
worked in the daytime she did not see him 
at all on Sept. 8th until she returned home 
at 5.30 p. m. and found the patient lying on 
the floor, unconscious. The eggs he ordi- 
narily cooked for himself for breakfast were 
burned to a crisp, and the gas fire beneath 
them was still burning. It was not known 
whether he took his insulin that morning. 

Examination revealed a young adult white 
male lying quietly in bed (having been placed 
there by his wife), perspiring profusely, and 
unresponsive. Pulse was 88; respirations, 
20; blood pressure, 110/86; and temperature, 
101.0°. Pupils were dilated and there was 
normal intraocular pressure to palpation. 
Teeth were occasionally grinding together. 
There was no fruity odor to the breath, and 
the skin was warm and moist. There was 
carotenemia with a yellowish color to the 
palms of the hands. Otherwise, a complete 
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physical examination revealed no abnor- 
mality. 

The patient was given 30 cc. of 50% 
glucose intravenously and responded enough 
to drink about 100 gm. of sugar in solution. 
In spite of this, his movements became irra- 
tional and meaningless and he lapsed back 
into a stupor. When he was conscious 
enough to drink he was not able to answer 
questions or make any meaningful sounds. 
He was admitted to Baylor University 
Hospital at 8 p. m. Blood sugar at that 
time was 460 mg. per 100 ec. and the CO, 
combining power was 40 volumes %. While 
these results were pending, the patient was 
given another 125 ec. of 50% glucose intra- 
venously and continuous intravenous glucose 
was started. The patient became quite 
unruly and violent, struggling constantly, 
having to be restrained, and pulled out the 
intravenous needle after only 300 cc. of 5% 
glucose had been administered. However, 
the patient drank 700 cc. orange juice during 
the night. He continued to be irrational, 
had occasional mild convulsive seizures, and 
was frequently mumbling, restless, and try- 
ing to get up. Temperature went as high 
as 102.8° axillary and pulse up to 120/minute. 

The 8:30 a. m. blood sugar level on Sept. 
9th was 420 mg., and the CO, combining 
power 56 volumes %. Because of the high 
blood sugar levels the patient was given 
insulin then for the first time, 25 units of 
protamine zine insulin and 15 units of regular 
insulin, in separate syringes. The patient 
consumed 1500 cc. orange juice with 60 gm. 
glucose added and 240 cc. milk orally between 
then and 3:30 p. m. when his blood sugar 
level was again determined and said to show 
no trace of glucose (checked). There was no 
change in the clinical course during this 
interval except that the patient screamed 
irrationally at times. He voided involun- 
tarily. Juices and milk were continued orally 
and a 9 p. m. blood glucose level was 470 mg. 
Blood sugar levels checked frequently during 
the next two days varied from 250 to 460 mg. 
The patient was given 25 units protamine 
zine insulin on each of the next few mornings 
and he continued to have an adequate carbo- 
hydrate intake. He continued to be restless, 
drowsy, uncooperative, and mentally con- 
fused for two more days. When he was 
finally rational on Sept. 12th, he could not 
recall anything that had happened for the 
24 hours prior to the time he was first seen. 
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Thereafter the patient improved and appar- 
ently had an uneventful course after proper 
regulation of his diabetes. 

Case 2. T. A. C., a 55 year old white 
male, had been a known diabetic since 1938. 
As he was a bachelor he ate in cafes and 
remained on no specific diet. He usually 
took 40 units protamine zine insulin daily 
but had decreased his insulin and had been 
drinking wine prior to being admitted to 
St. Paul’s Hospital in diabetic coma on Feb. 
13, 1945. He responded to therapy quite 
satisfactorily and was instructed on a 3000 
‘alorie, 200 gm. carbohydrate, 100 gm. pro- 
tein diet, to include a feeding of 30 gm. of car- 
bohydrate before retiring each night. The 
importance of maintaining the carbohydrate 
consumption at a constant level was stressed, 
the patient being kept in the hospital until 
Feb. 27th in order for him to learn as much 
as possible about his diabetes, which was 
well regulated with 60 units protamine zinc 
insulin and 15 units regular insulin in sepa- 
rate syringes before breakfast daily. His 
fasting blood sugar level was 90 mg. on the 
day prior to discharge from the hospital. 
Because it was believed that the patient 
possibly would not properly follow his diet, 
his insulin was decreased to 50 units prota- 
mine zine insulin and 10 units regular insulin 
on Feb. 26th and 27th. He was discharged 
on this regimen, having been given diet 
lists and taught equivalent carbohydrate 
measures. 

In spite of his careful diet instructions it 
was later learned that he ate only a bow! of 
soup for his evening meal on Feb. 27th. 
At 3:00 a.m. on Feb. 28th his landlady heard 
him making peculiar noises in his room. 
She entered his room at 7:00 a. m. and re- 
ported that he was apparently “normal” at 
that time. Whether he ate breakfast or took 
insulin that morning was unknown, but at 
10:00 a. m. he was found lying on the floor 
of his room, unresponsive. 

When the patient was seen at 11:00 a. m. 
he was still unconscious, perspiring excess- 
ively. Temperature was 104.0°; pulse, 130; 
respirations, 28; and blood pressure, 110/60. 
Pupils were quite irregular in contour, the 
patient previously having had bilateral cat- 
aract extractions. There was excessive sali- 
vation, much mucus seemed to be in his 
throat, crepitant rales and coarse rhonchi 
were heard throughout both lung fields, and 








the patient seemed to have occasional fine 
tremors over his body. 

The patient was given 25 gm. of glucose 
intravenously but failed to show any re- 
sponse. He was readmitted to St. Paul’s 
Hospital at 12:00 noon on Feb. 28th. As 
the laboratory technician was not available 
for blood sugar determination without some 
delay, 10% glucose solution was started 
intravenously immediately upon his arrival 
and was continued until the patient had 
received 4000 cc. by 10:45 p. m. At 2:30 
p. m. the blood sugar level was reported as 
164 mg. per 100 cc. The patient was given 
no insulin and the 8:00 a. m. blood sugar 
level on March Ist was 53 mg. At 6:00 a. m. 
on March Ist, nurses recorded that the pa- 
tient turned himself with ease but was 
generally unresponsive. As the patient 
remained unable to swallow, he was given 
1000 cc. 10% glucose intravenously at 8:00 
a. m., 12:00 noon, and 6:00 p. m. daily, and 
1000 ec. 5% glucose intravenously at 12:00 
midnight each day thereafter. It was learned 
that on this program he required and was 
given only 15 units of protamine zinc insulin 
daily. Daily 8:00 a. m. blood sugar levels 
thereafter varied from 74 to 346 mg. Be- 
cause of the fever and pulmonary edema the 
patient was given 5 gm. of sodium sulfadia- 
zine intravenously daily. The temperature 
returned to normal and the lung fields be- 
came normal upon examination by March 
6th. The patient remained semicomatose on 
March Ist until 9:00 p. m., at which time he 
appeared very restless, got out of bed, 
struggled with the nurses, and had alter- 
nating intervals of crying out irrationally 
and of being quiet. This type of behavior 
occurred intermittently throughout the night. 
The patient was incontinent of urine and 
feces throughout the remainder of his hos- 
pital course. He lapsed back into a semi- 
comatose condition on March 2nd and occa- 
sionally signified feeling pain when stuck 
with a needle. On some occasions thereafter 
he was seen to move his right arm and his 
right leg but very seldom moved his left 
arm or left leg. He occasionally mumbled 
unintelligible sounds and occasionally shook 
his right arm and fist as if an orator trying 
to say something. He made occasional 
grimacing motions and was mentally dull 
and apathetic throughout his hospital stay. 
He occasionally coughed but was unable to 
expectorate, swallow, or speak, 
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Neurological examination revealed normal 
triceps, biceps, patellar, and ankle jerk 
reflexes on the right. Left ankle jerk and 
patellar reflexes were present but diminished, 
and the biceps and triceps reflexes were 
missing on the left. Babinski sign was posi- 
tive bilaterally. There was no evidence of 
any cranial nerve involvement. The patient 
was unable to carry out any command. The 
heart and vessels were normal except for 
some tortuosity of the brachial arteries. 
Abdomen, back, genitalia, rectal examina- 
tion, and extremities were normal. 

On March 5th lumbar puncture revealed 
clear colorless spinal fluid with pressure of 
14 mm. of mercury and no evidence of spinal 
block. Wassermann and colloidal gold tests 
were negative and globulin content was 
normal. White blood cell count was 15 and 
red blood cell count was 37 per cubic mm. 
spinal fluid. On March Ist hemoglobin was 
11.9 gm. per 100 ce. blood, and white blood 
cell count 11,000 per c.mm. with a normal 
differential count. On March 5th, hemo- 
globin was 10.6 gm. and white blood cell 
count 7,050 with a normal differential count. 
Urinalyses were normal except for occasional 
glycosuria and a terminal pyuria after the 
patient was catheterized. 

The patient remained about the same until 
March 16th when he became weaker, his 
temperature began rising, and signs of pneu- 
monia appeared in the lungs. He died on 
March 18th at 8:20 p. m. 

Postmortem examination, as reported by 
Dr. J. L. Goforth, revealed nothing abnormal 
externally other than decubitus ulcers in the 
sacral region. There was marked congestion 
in the posterior portion of each lung with 
patchy areas of consolidation noted, grossly 
suggestive of aspiration pneumonia. Heart 
examination revealed some dilatation of the 
right auricle and ventricle, and the left 
ventricle was fairly well contracted. There 
were no other gross pulmonary or cardiac 
abnormalities. No gross nor microscopic 
abnormality was found in the gastrointes- 
tinal tract. The urinary bladder mucosa 
had an injected appearance, the retention 
catheter being in place, but there were no 
other gross abnormalities of the kidneys, 
prostate, liver, gallbladder, spleen, or lymph 
nodes. The medullary portion of each 
adrenal showed what was interpreted as 
postmortem degeneration. The pancreas 
was soft and irregularly lumpy with loss ot! 
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glandular tissue apparent and no evidence 
of tumor formation. The brain had a con- 
gested appearance but no other gross ab- 
normality. The pituitary body had no 
apparent changes. 

Microscopically there was a moderate 
degree of myocardial hypertrophy and acute 
myocardial degeneration; acute spreading 
bronchopneumonia and a marked degree of 
pulmonary congestion and edema; congestion 
and a moderate degree of hyperplasia of the 
spleen; a marked degree of tubule cell degen- 
eration in the kidneys; diffuse fine scarring 
and islet degeneration in the pancreas; corti- 
cal degenerative changes in the adrenals; 
and cortical cell degenerative changes in the 
brain. 

A more extensive examination of the brain 
as reported by Dr. Paul M. Levin revealed 
moderate hyperemia of the leptomeninges 
of the cerebral hemispheres. There was an 
occasional area in the cortex of brownish 
discoloration, and in other places the tissue 
seemed more friable than normal. Several 
radial areas of softening were seen extending 
from the pial surface through the cortex into 
the subcortical white matter. The secondary 
segments of the globus pallidus on both sides 
showed blurring of the striation and perhaps 
slight pallor. The region of the third ven- 
tricle was normal, as was the remainder of 
the brain stem and cerebellum. The white 
matter of the cerebral hemispheres was 
slightly hyperemic. In places it showed a 
diffuse brown discoloration. One area of 
softening was seen in the left occipital lobe; 
the lateral surface underlay the depth of the 
calearine fissures and was curved in a semi- 
circular way so as to conform with the fold 
of the cortex about this fissure. Sections 
were cut from both motor areas (from the 
right including the Rolandic vein in a long 
block and from the left a deeper block with 
only pre-central and post-central gyri), wall 
o! third ventricle, globus pallidus, frontal 
pole, calearine cortex, and cerebellar cortex. 
The gross diagnosis was mild hyperemia. 

Microscopic examination revealed large 
areas of cerebral cortex with a regular archi- 
tecture, composition and vascularity, except 
for a slight pallor of the ganglion cells. How- 
ever, in numerous areas of considerable size 
the cortex had a spongy structure with loss 
o! normal lamination and intense congestion 
of the blood vessels. The ganglion cells in 
these lesions were greatly reduced in number; 





those present were small with pale cytoplasm 
having an indistinct border. The interstitial 
cells were greatly increased in number, 
mostly microglial and phagocytic. Astro- 
cytes were also present in small numbers, 
often in clumps. These cortical lesions rarely 
extended deeper than the sixth layer and 
usually stopped at the fifth; only where they 
were most severe did the first layer show 
microglial proliferation. Necrosis was most 
severe in the third layer where collections of 
fat-filled phagocytes (glitten cells) were seen ; 
in these areas capillary proliferation was pro- 
nounced. The walls of the vessels showed 
thickening of the walls with endothelial 
swelling and concentric layers of plump 
elongated cells. There was also an increase 
in the number of vessels. The lesions were 
extensive in the central and occipital cortex. 
with the least alteration in the frontal poles. 
The pre-arachnoid was not thickened, but 
there was a moderate number of macro- 
phages. The globus pallidus showed only 
a ferruginous deposition in the form of round 
particles lying in the parenchyma and in 
walls of blood vessels. The hypothalamus 
and cerebellar cortex appeared normal. The 
hypophysis showed a normal structure of the 
anterior and posterior lobes except for a 
mild mononuclear infiltration at the margin 
of the pars nervosa. The microscopic diag- 
nosis was extensive cortical encephalo- 
malacia. 

Cass 3: T. J., a 7 year old white male, 
was never seen by the author but was ad- 
mitted to Baylor University Hospital at 
4:40 p. m. on Sept. 27, 1945, on the service 
of Dr. W. H. Potts, through whose courtesy 
the case is being presented. The patient had 
been a known diabetic since January, 1948, 
and had last been seen by Dr. Potts in 
July, 1945. The patient had been on a diet 
consisting of 60 gm. protein, 120 gm. carbo- 
hydrate, and 75 gm. fat daily and had been 
taking 12 units regular insulin and 10 units 
protamine zinc insulin daily. He apparently 
had been getting along satisfactorily on this 
program except for occasional morning 
insulin reactions for several weeks prior to 
his present hospital admission. These were 
usually satisfactorily relieved by orange 
juice. On the morning of Sept. 27th when 
the mother tried to awaken the patient, he 
had a slight convulsion. He was given 
orange juice and was later given his usual 
daily insulin. He ate very little breakfast 
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and fell to the floor before finishing the meal. 
As his home was in a town quite some dis- 
tance from Dallas, the patient was seen by 
a local doctor, was given another 10 units 
of regular insulin, and was given more fruit 
juices and milk. However, the patient 
vomited what little food he took. Attempts 
to correct the patient’s difficulty by giving 
glucose intravenously and syrup rectally 
were apparently unsuccessful. As the pa- 
tient continued to have convulsions and was 
comatose it was decided to bring the child 
to Dallas, the patient being admitted to the 
hospital upon his arrival. 

Upon admission the patient was comatose 
but the skin was dry. He occasionally 
groaned and appeared restless. He voided 
involuntarily. At times he had spastic types 
of convulsions in the opisthotonus position 
and had clonic rythmic contractions of both 
arms in the flexed positions. The eyes be- 
came set to the right, and the pupils were 
dilated. Respirations were shallow and 
irregular; mucus appeared to have accumu- 
lated in the chest and rales and rhonchi were 
heard over both lung fields; the patient be- 
came cyanotic and at intervals had to be 
given artificial respiration because of apnea. 
Temperature was 104.0° rectally; pulse, 130; 
respirations, 30; and blood pressure. 130/80. 

Emergency blood sugar level upon admis- 
sion was 56 mg. per 100 ce. and blood CO, 
combining power was 56 vol. %. The patient 
was given 70 ec. of 50% glucose and 1000 cc. 
5% glucose intravenously. Blood sugar 
determination at 6:30 p. m. was 421 mg. 
At 12 midnight the blood sugar level was 
222 mg. The patient showed no improve- 
ment. He was given 10 units regular insulin 
at 12:40 a. m. on Sept. 28th. His clinical 
course continued unchanged. The 8 a. m. 
blood sugar level on Sept. 28 was 80 mg. and 
blood CO, combining power was 54 vol. %. 
Lumbar puncture at 8 p. m. on Sept. 27th 
revealed clear colorless fluid with a pressure 
of 8 mm. mercury, rising to 20 mm. upon 
Queckenstedt’s test, and then dropping to 
10 mm. mercury. The fluid contained 3 
white blood cells and 74 red blood cells per 
e.mm. of fluid. The globulin content was 
10 mg. White blood cell count on admission 
was 7,700 with 1% young, 19% band, and 
66% segmented polymorphonuclear cells, 
and 14% lymphocytes. Hemoglobin was 
9.8 gm. and red cell count 3,350,000. 
Because of the pulmonary edema and 





fever, the patient was given penicillin, 20,001 
units intramuscularly every 3 hours. He 
was also placed in an oxygen tent, receiving 
7 liters oxygen per minute. Mucus was 
aspirated from the trachea at intervals 
At 9:00 a. m. on Sept. 28th the patient was 
given 10 units of regular insulin and 500 ec 
of 5% glucose intravenously. He received 
another 500 ec. of 5% glucose intravenously 
at 2:30 p. m. His condition continued un- 
changed, there being occasional musculai 
twitchings and convulsions, with respirations 
ceasing at irregular intervals. At 6 p. m. on 
Sept. 28th, respirations ceased permanently 

Postmortem examination was performed 
by Drs. Howard J. Scott and Charles F 
Pelphrey. No gross external abnormality 
was noted. The lungs were crepitant 
throughout, pale pink in color anteriorly 
and slightly dark red posteriorly. Multiple 
sections revealed a homogeneous appearance 
with pink watery fluid exuding from the cut 
surfaces of both lungs. Occasional areas 
showed slight mottling, however, not inter- 
preted grossly as bronchopneumonia. The 
heart was grossly normal. There was som¢ 
passive hyperemia of the spleen and fatty 
degeneration of the liver. Passive hyperemia 
and cloudy swelling were found in the kid- 
neys. Pancreas, adrenals, and other abdom- 
inal viscera were normal in appearanct 
Examination of the brain showed cerebral 
edema and scattered numerous small dark 
red spots which did not rub off easily, sug- 
gestive of petechial hemorrhages. 

Microscopically there were multiple recent 
capillary hemorrhages in the heart; hypo- 
static edema, marked hyperemia, and earl) 
hypostatic pneumonia with recent small 
hemorrhages in the same area of lungs; 
hyperemia and acute parenchymatous de- 
generation of the kidneys; no evidence of 
substantial glycogen storage in the liver; 
hyperplasia of the malpighian corpuscles of 
the spleen; islets of Langerhans small wit! 
cells having a scanty amount of cytoplasn 
hyperemia and hyperplasia of the medulla 
of the adrenals; and marked hyperem 
lymphocytic hyperplasia, and acute lympha- 
denitis of the mesenteric lymph nodes. 

A less extensive study of the brain was 
made than that reported in Case 2. How- 
ever, later study of the sections availal 
as reported by Dr. Paul M. Levin, revealed 
moderate to marked hyperemia and slight 
edema in some areas of the cortex and pr‘ 
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ible diffuse loss of ganglion cells from the 
second and third layers of cerebral cortex. 


Comment. Dameshek, ¢f al.,!” have 
shown that the difference in dextrose con- 
tent between blood drawn from the carotid 
artery and the internal jugular vein was 
greater than that between the brachial 
artery and the basilic vein, and Himwich”® 
has shown that oxygen utilization and the 
metabolic rate of the brain are decreased 
Gerard" 
reported that the respiration of the brain, 
that is, oxygen consumption per unit 
mass, is about thirty times as intense as 
It is generally 
agreed that dextrose is essential in normal 
utilization of oxygen by brain tissue and 
that acute anoxia or hypoglycemia affects 
first the cerebral cortex, next the upper 
portion of the brain stem, and finally the 
medulla. '5-46:20,202 ,21,29,31,44 

Grayzel'® reported that rabbits in which 
hypoglycemia was experimentally pro- 
duced showed definite central nervous 
system lesions and that zones of necrobio- 
sis were more noticeable in the pyramidal 
cells of the third and fifth cortical layers. 

Other experimentation has 
shown hypoglycemia to produce lique- 
faction, vacuolization and homogenization 
of ganglion cells, marked shrinkage of 
cytoplasm and nuclei, diminution in num- 
ber of neurons in various cortical areas, 
and small microscopic hemorrhages.7!* 
Sherrill and Mac Kay® reported a variable 
degree of hemorrhagic edema of the lungs 
in experimental animals with hypogly- 
cemia, probably similar to the pulmonary 
edema seen in Case 2 when the patient 
was first seen in hypoglycemia and similar 
to the pulmonary edema seen in Case 3. 
Baker**5?? at first believed that changes 
found in ganglion cells on postmortem 
examination of 3 patients dying after 
hypoglycemia were due to postmortem 
degeneration but in later papers concluded 
that these were antemortem changes. He 
subsequently reported extensive brain 
damage, congestion, hemorrhages, patchy 
demyelinization, cyst formation, encepha- 
lomalacia with necrotic and active prolifer- 


during severe hypoglycemia. 


that of muscle or nerve. 


animal 


ation, various degrees of cellular degenera- 
tion, and gliosis following hypoglycemia. 
Numerous other similar reports have now 
appeared.”356:35.38.4045 “Tt is indeed diffi- 
cult to distinguish less severe nerve-cell 
changes from postmortem alterations.’ 
Schereschewsky and others have re- 
ported necrosis and hemorrhage into the 
adrenal glands after hypoglycemia.*** 
Perhaps the adrenal gland changes re- 
ported in Case 2 were antemortem changes 
rather than postmortem degeneration. 
If so, this could account for the patient’s 
decreased insulin requirement after his 
hypoglycemia although he continued to 
receive 350 gm. carbohydrate daily. 
Clinically, cases of posthypoglycemic 
encephalopathy have been reported in 
every age group, as frequently in children 
as in adults. Rascoff et al.* reported a case 
of hypoglycemia of the newborn with 
hypertrophy and hyperplasia of the islands 
of Langerhans, dying 13 hours after birth 
from a latent diabetic mother. Although 
posthypoglycemic encephalopathy, to the 
author’s knowledge, has not definitely been 
reported following hypoglycemia of the 
newborn, it remains a definite possibility 
to be considered in determining the etiol- 
ogy of mental deficiency states of child- 
hood. Darrow" had 2 cases of convulsions 
and mental deficiency in children following 
hypoglycemia. A case of transitory hemi- 
plegia associated with hypoglycemia in a 
diabetic child with congenital heart disease 
was reported by Fischer. Allan and 
Crommelin! reported the case of a 6 year 
old diabetic with an insulin reaction in 
which the patient was stuporous for 3 days, 
followed by hemiplegia, aphasia, and epi- 
leptic seizures for 15 months. In Wilder’s 
case*® an 8-year old child had idiocy sec- 
ondary to a degenerative lesion of the 
brain from overdosage of insulin. Uncon- 
sciousness persisted for 6 weeks, and the 
mental condition never returned to normal. 
Anderson? had a 7-year old diabetic pa- 
tient with a severe behavior disorder 
following hypoglycemia and a 13-year old 
diabetic with an insulin reaction followed 
by 4 days of coma and then gross dementia 
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which gradually but only partially im- 
proved during the next 15 months. Fenz 
and Kogerer™ reported the case of a 16-year 
old boy in which a severe insulin reaction 
was followed for a fortnight by a syndrome 
characterized by negativism, catalepsy, 
grimacing, and motor restlessness, with 
subsequent improvement but persistence 
of apathy and dulness after 4 months. 
Terplan’s case“ has already been mentioned. 

Numerous similar cases have been re- 
ported in adults, not only in diabetics,*"** 
but also following the Sakel form of shock 
therapy for schizophrenia,”!7%° and in 
cases with pancreatic adenoma.’ The 
case reported by Root and Styron** in 
which the patient remained in a comatose 
state for 23 days and finally died with 
terminal bronchopneumonia and sepsis is 
Another similar case 
with coma for 17 days terminating in death 
is reported by Lawrence et al.” 


similar to Case 2. 


Cases 
with Korsakoff’s syndrome persisting for 
several months after hypoglycemic shock 
have been seen. Also found are cases 
in which a combination of hypoglycemia 
and arteriosclerosis seemed to cause the 
cerebral damage.”> Murphy and Purtell® 
reviewed 26 cases of hypoglycemia with 
cerebral damage and concluded that the 
most common aftermath was profound 
mental and personality damage, extensive 
damage leaving the patient with the intel- 
lectual level of idiocy, less damage result- 
ing in mental retardation, apathy, and 
dulness, at times progressing to true 
psychoses. Parkinsonism, aphasias, hemi- 
plegias, and objective neurologic changes 
have persisted for months. 

Goldman concluded: ‘Coma persisting 
after cessation of hypoglycemia is an 
entity in itself and related only in a 
secondary sense to the hypoglycemia.’’® 
Thus, in Case 1 a state of mental confusion 
and change in personality, apparent clin- 
ical persistence of hypoglycemia, remained 
for 3 days after he was first seen and for 
48 hours with high blood sugar levels after 
the 3:30 p. m. blood was reported as show- 
ing no trace of glucose the day after 
admission to the hospital. This drop in 


blood sugar level under these circun 
stances was undoubtedly the result of los 
of liver glucose by glycogenolysis during 
the severe insulin reaction on the preceding 
day and indicates the high degree of sensi- 
tivity of an individual to insulin after a 
severe hypoglycemic episode and_ the 
necessity of continuing high carbohydrate 
intake in spite of high blood sugar levels 
in such cases. The clinical picture was 
not due to persistent hypoglycemia but to 
transient cerebral damage caused by the 
preceding hypoglycemia. In Case 2, 
apparent idiocy, aphasia, and neurologic 
changes remained for 18 days after the 
blood sugar returned to normal or high 
levels. Case 3 died after having remained 
comatose with occasional muscular twitch- 
ings, convulsions, and irregular respira- 
tions for 24 hours after termination of 
The term, posthypogly- 
cemic encephalopathy, although to the 


hypoglycemia. 


author’s knowledge not previously used 
in the literature, seems to be the preferable 
descriptive term for this clinical entity. 

Conclusions. Numerous cases of 
personality, mental, and neurologic changes 
following hypoglycemia and _ persisting 
after the blood sugar levels have become 
normal have been previously reported. 

The physiological and _ pathological 
changes responsible for the clinical be- 
havior are briefly discussed. 

Three cases belonging in this clinical 
group are reported, one with mental con- 
fusion and personality changes for 48 
hours after cessation of hypoglycemia; 
one with marked mental impairment and 
persistent neurologic finding for 18 days, 
terminating in death; and a third termi- 
nating fatally with coma and convulsions 
for 24 hours after the hypoglycemia was 
satisfactorily controlled. Postmorte! 
findings in the last 2 cases are reported 

It is recommended that the term post 
hypoglycemic encephalopathy be used for 
this very definite clinical entity. 

Members of the medical professiot 
should be aware of this very serious coin- 
plication of hypoglycemia and combat «ny 
prolonged low blood sugar level vigorou-|y. 
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IN previous studies changes in the 
plasma protein distribution in clinical dia- 
betes mellitus as measured by the Tiselius 
electrophoresis method were reported.® 
Reduction in total albumin and elevation 
of the 6-globulin fraction were demon- 
strated in uncontrolled diabetes. With 
adequate treatment, a return to normal 
occurred. It was also suggested that cases 
complicated by diabetic retinitis showed 
a still greater deviation from normal and 
distinctly less improvement with diabetic 
control. 

Alloxan administered in appropriate 
amounts results ‘in the production of per- 
manent islet cell damage in rabbits, rats 
and dogs.?** In this study on alloxan 
diabetic rabbits we wished, first, to deter- 
mine what modification, if any, occurred 
in plasma protein fractions, and, second, 
to note the progress of these changes with 
different combinations of insulin, diet and 
vitamins. During the course of the stud- 
ies the eyes were examined for lens and 
retinal changes. 

Animals. In early studies 7 albino rab- 
bits, 4 Belgian hares, and 5 others of a 
mixed strain were used. Later studies were 
made on Belgian hares, because of the more 
even distribution of retinal pigment. In 
the albino visualization of fundus vessels is 
more difficult. 

Twenty-four rabbits were used. Alloxan, 
100 mg. per kg. body weight, was adminis- 
tered intravenously to 20; 2 were kept as 
normal controls. Two rabbits received re- 
peated small injections. Three animals were 
bled repeatedly prior to administering al- 





loxan in order to lower plasma albumi 
levels and to witness the effects of this 
upon susceptibility to later retinal hemor- 
rhage. If evidence of hypoglycemia was 
manifested at any time during the 24 hours 
after injection, 50°% dextrose solution was 
given intravenously. The 2 normal con 
trol rabbits were treated identically insofar 
as bleeding, diet and examinations were 
concerned. 

Methods. Blood glucose was determined 
by the Benedict blood sugar method before 
and after development of diabetes. Urinary 
glucose was determined qualitatively or 
quantitatively by the Benedict method. To 
determine the occurrence of chemical nephri- 
tis, the urine was examined for albumin and 
red cells. 

The D/N ratio was determined on aliquot 
portions of a 24 hour urine specimen col- 
lected from the 48th to the 72nd hour of.a 
72 hour fast. Nitrogen was determined b) 
the Pregl modification of the micro-Kjeldah! 
method. 

The Tiselius electrophoretic technique 
was used for plasma protein fractionation.’ 
Blood was drawn from the femoral artery. 
Potassium oxalate was used as anticoag- 
ulant. 

Diet. Diet 1 consists of oats ad lib. a 
approximately 4.5 ounces of carrots and 
4 ounces of greens daily (celery greens, cal- 
bage, lettuce or green hay). Approximately 
2 ounces of oats daily were eaten by most 
the rabbits. 

Diet 2 consisted of Purina rabbit pellets 
ad lib. and either celery or lettuce greens 
The average rabbit consumed 3 to 4 ounces 


_ of pellets a day, 4.5 ounces of carrots, and 


4 ounces of greens. 
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Eye Examination. The eyes were exam- 
ined after maximum dilatation of the pupils 
with 1° atropine sulfate solution. The day 
before the examination 2 drops were admin- 
stered about 5 p.m. The next morning drops 
were given about 9 A.M. in preparation for 
1 noon examination. If dilatation was not 
complete, 2 drops ‘more were given 2 hours 
ater. If more rapid dilatation was neces- 
sary 2 or 3 doses were administered at 3 hour 
intervals. When capillary hemorrhages were 
observed, the examinations were always 
viewed by a second ophthalmologist. Rab- 
bits with and without hemorrhages and with 
and without diabetes were presented at 
random to the examiner, who was thus 
entirely unbiased. 


Results. As previously reported, in- 
creased blood sugar and glycosuria were 
observed within 48 hours after injection of 
alloxan (100 mg. per kg. or more) into 
normal rabbits. After the initial injec- 
tion, 18 rabbits developed permanent 
hyperglycemia. In 1 it appeared only 
after a second injection. One rabbit failed 
to show more than temporary elevation 
in blood sugar even after the second ad- 
ministration; 1 failed to become hyper- 
glycemic after 2 injections. In 2 rabbits 
diabetes was produced by giving repeated 
smaller amounts of alloxan. One received 
6 injections of 20 mg. per kg., whereas 
the other received 5 injections of 40 mg. 
per kg. at intervals of 3 days. 

Acetonuria was observed in 6 animals 
from the 4th to 12th day following devel- 
opment of diabetes. In 5 cases it was 
controlled by protamine-zine insulin. On 
withholding therapy, ketosis occurred in 
only 1 case. This animal required 5 units 
of protamine-zine insulin daily for the 
Ist month to combat signs of diabetic 
acidosis. From the 2nd to 5th month 
inclusive, insulin in similar dosage 3 times 
a week prevented ketonuria. Therapy 
Was then stopped, and the animal ap- 
peared in good condition until food was 
withheld for 72 hours in order to determine 
the D/N ratio. Severe acidosis resulted 
and death followed despite treatment with 
large amounts of insulin and intravenous 
fluids. The animal had moderately severe 


diabetes as judged by the D/N ratio, 2. 
Some animals, however, had even higher 
ratios, but had less tendency to excessive 
ketone body production. All of the ani- 
mals in this group were in about the same 
nutritional condition and received the 
same diet. 

As was previously observed in untreated 
diabetic patients, rabbits with severe dia- 
betes and acidosis usually showed a de- 
crease in albumin, and a pronounced in- 
crease in the 6-globulin fraction (Tables 2 
and 3). When ketosis ceased and the 
animal’s condition improved, either after 
treatment with insulin or after some 
spontaneous adjustment, the §-globulin 
returned to normal. In insulin-treated 
animals the albumin level frequently in- 
creased. ' 

Rabbits with mild diabetes (Table 1, 
R-8) usually showed a decrease in total 
plasma protein and albumin but no sig- 
nificant modification in 8-globulin. When 
insulin therapy reduced glycosuria to a 
trace to 1+, the total protein and albu- 
min levels tended to return to normal. 

Animals with moderately severe dia- 
betes (Table 1) but without acidosis show- 
ed plasma protein shifts of a degree 
comparable to those observed in uncom- 
plicated diabetes in man. 

During the course of diabetes in the 
rabbit many animals showed eye changes. 
Modifications in the plasma protein pic- 
ture were not necessary accompaniments 
of developing lens opacities. On the other 
hand, a low plasma albumin and an ele- 
vated 6-globulin were nearly always found 
at the time that fine capillary bleeding 
in the retina was observed. The interval 
before appearance of eye changes varied 
greatly from animal to animal (Table 4) 
and seemed to have little correlation with 
the severity of the diabetes, loss of weight, 
or diet. One rabbit (D/N 0.7) showed 
lens vacuoles 6 weeks after, and fundus 
changes 43 months after islet cell damage 
was produced. In another animal with 
mild diabetes (D/N 0.5) 3 months elapsed 
before lens changes and 34 months before 
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However, 
lL animal (D/N 0.75) showed capillary 
hemorrhages 1 month and lens cloudiness 


capillary bleeding were noted. 


2 months after onset of diabetes. 

Of the 21 diabetic rabbits, 18 showed 
progressive lens changes, apparently quite 
similar to those described by Bailey and 
Bailey! Six large 
amounts of vitamins in addition to pro- 


rabbits were given 


tamine-zine insulin in an attempt to pre- 
vent or delay development of lens changes 
(Table 1). None of the group failed to 
show lens opacities. Because of the wide 
variation in the time required for these 
changes to occur in the untreated diabetic 
rabbit as well as in the treated animal, a 
much larger series will have to be studied 


TABLE 1. 


Brown and white. 


SCHNEIDER: 


PROTOCOL OF 


PLASMA PROTEINS 
before any conclusions as to the effect o! 
vitamin therapy can be drawn. 

In 8, retinal changes, which in some 
instances persisted for 6 weeks, consisted 
of very fine, minute capillary bleeding 
along the larger vessels. It was possible 
to follow pigment deposition at the sit 
of bleeding as the hemorrhages were ab 
sorbed. No exudates have been observed 
either clinically or on microscopic exam- 
ination of the retine. Apart from minor 
retinal changes, none have been observed 
to compare with the severe retinal degen- 
eration in diabetes mellitus in man. 

Microscopic examination of the eyes of 
4 of the rabbits was made. In Rabbits 
R-3, R-7 and R-17 (see illustration), the 


D1iaBetTic Rapsit 2 


Alloxan injections 4/3/44 and 4/27/44. 





Mar Apri May June July Aug. Sept Oct. Mar. 1945 
Fasting blood glucose, 
mg./100 ml. 75 250 350 350 
Urine: 
Glucose, gm./24 hr. 0 22 12 21 Trace 0 to trace 
Acetone 0 $ ) 2 0 0 
Protamine-zine insulin, 6/26 8/26 
U/24 hr. 3 
Vitamins* 9/14 
5/9 6/21 7/12 8/10 9/29 3/2 
Lens changes OD Clear Diffuse Progressing Early Central Much more Definite, 
central post- remain definite especially 
opacities central] ame central and entral; 
periphery extreme 
clouding 
len 
OS Clear OS OD Progress Central Much mort 
remain definite 
same central and 
periphery 
Retina Normal Occasional Not clearly 
vacuoles In een 
periphery 
Total plasma protein 3/30 4/20 5/16 10 
Gm./100 ml 5.18 4.99 4.84 5.87 >. SE 
Albumin: 
Gm./100 ml. 3.20 3.19 3.05 3.41 6 
61.80 63.80 63.10 0 10 61.80 
a-Globulin: 
Gm./100 ml. 0.17 0.27 0.20 , 19 0.1 
% >. 20 5.40 4.10 30 D7 
8-Globulin: 
Gm./100 ml 0.92 0.74 0.72 0.89 0.7 
% 17.80 14.90 14.90 15.4 11. 
y-Globulin: 
Gm./100 ml 0).52 0.40 0.54 0.77 0.75 
YY) 10.00 8 00 11.10 13.40 13. 2 
Fibrinogen: 
Gm./100 ml. 0.37 0.39 0.3 0.51 0.61 
% 7.20 7.80 6.80 g gp 10.4 
* Daily dose. 
Vitamin A, 10,000 U. Calcium pantothenate. 10 mg. 
Thiamin chloride, 3 me Desiccated fraction of liver-stomach concentrate with yeast extract 


Riboflavin, 6 mg. 
Pyridoxine hydrochloride, 
Nicotinamide, 30 mg. 


0.6 gm. 
Ascorbic acid, 50 mg. 
Liver extract (Lilly). 1 ce 


1.5 mg 
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similar 
In the sec- 


tions of the eyeballs, in the posterior part 


abnormal changes were all of 


nature, but varied in degree. 


of the retina, on both sides of the entrance 
of the optic nerve, for a considerable dis- 
small circular, 
elliptical disk-like 
amorphous granular, deeply eosinophilic 
material, situated beneath the inner limit- 
ing membrane and partly occupying or 


tanee, there were some 


irregular or foci of 


TABLE 3. 


PROTOCOL OF 





JER? PLASMA PROTEINS 

were present just beneath the inner limit 
ing membrane. No obvious degenerativ: 
or inflammatory disease of the arteriole 
was detectable, so that the disks of eosino 
philic material, if they did represent old 
hemorrhage, must have been of capillary 
The fact that the blood elements 
were unrecognizable would indicate that 


origin. 


these small foci of hemorrhage were not 


recent. The only other pathologie change 


RABBIT 24 


B. H. Alloxan 100 mg./kg. injection 8/25/44 
August September October November Januar 
Fasting blood glucoss 
mg./100 ml 78 $50 290 
Urine: 
Glucose, gm./24 hr 0 36 31 
Acetone 0 2+ 0 
D/N ratio 0.91 
Ler changes: 
OD . Normal Lens spot at 6 o'clock Early periph- \rore marked Diffuse so der 
eral peripheral dif- retina cou 
fuse central not be seer 
Os . Normal Early periph- More marked 
eral peripheral dif- 
fuse central 
Reting ee Normal 6 fine capillary hemor Hemorrhage in Hemorrhage stil 
rhagic areas along both eyes resent 
posterior vesse ls numerous 
OD OS _ normal 
lotal plasma proteir Serum 9/12/44 
Gm./100 ml : 4.74 4.59 
Albumur 
Gm./100 ml 3.38 2.26 
Te 71.20 49.20 
a-Globulin: 
Gm./100 ml ; 0.20 6.30 
% . 4.20 6.50 
Globull 
Gm./100 ml. 0.56 1.24 
y/ ‘ 11.90 27.00 
Globulir 
Gm./100 ml y 0.60 0.40 
o// 12.70 8.70 
Fibrinogen: 
Gm./100 ml. eee 0.39 
To : 8.60 
Diet: oats, carrots and greens. 


Norte Severe diabetes in an untre 
fractions. Changes may have been intensified and hastened by 
alloxan 


Bled 20 ml. 8/22, 23 and 24. Cells returned. 


compressing the ganglion layer. Within 
these foci there were some pale, minute 
golden brown pigment granules of variable 
size. Similar pigment granules were also 
present in the ganglion layer in this region. 
The disk-like eosinophilic foci suggested 
red blood 
corpuscles but definite corpuscles could 
not be identified. In the ganglion layer, 
especially in the region of the eosinophilic 
disks, there were a moderate number of 
dilated capillaries filled with red blood 
corpuscles and some of these capillaries 


agglomerated, disintegrated 


ited female rabbit showing very marked shifts in 


total albumin and @-glot 


vdministration of 


repeated plasmaphoresis prior to 


in these eyeballs was lenticular cataract, 
which was most marked in the eyes of R-i 
and only beginning in R-3 and R-17. 

R-31 did not show the changes in the 
retina described above. The only changé 
observed was vacuolization in the opti 
nerve. The nature and significance 0! 
this was not determined. 

It may be noted that fundus examina- 
tion of R-3, R-7 and R-17 had show! 
considerably more extensive capillary hem- 
orrhages than were observed in R-31 
Where plasma proteins were experimen- 
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RELATION OF SEVERITY AND DURATION OF ALLOXAN DIABETES TO DEVELOPMENT OF Eyt 


Duration of diabetes at onset 


ae Sy ee a Recent 
Capillary 
Lens changes hemorrhages 
(wks.) (wks.) 
3 
S 5 
~— 
5 17 
Occasional vacuoles 
12 i4 
2 
4 
16 
3 14 
8 10 
2 
3 l 
3 1 
Aneurysmal 
dilatation of 
1 venule 
6 ‘ 
Corneal sear and 
haziness 
15 
Lens opacities 
both eyes 
6 3 
5 
5 
3 


3 
1 large vacuole 
Normal for 26 wks. 
observed 
Normal for 12 wks. 
observed 
Normal for 24 wks. 
observed 


intravenous injections of 100 mg. per ke. 


ABLE 4 
CHANGES IN RaBBITS 
Severity of diabetes 
Seer oh en 
Urine 
abbuit Blood —— ~- —~ 
und glucose Glueose 
eed mg./100 ml.) (gm./24 hr.) Acetone 
M 340 22 2+- for 2 wks. after 
initial diabetes; 
none later 
\ 340 31 4+ for 4 wks.; 0 to 
trace afterward; 
2ist wk. 2+ 
yA 350 17 4+ to trace for 3 
wks. 
TA 235 17 0 
SA 200 12 0 
BH 325 20 1+ for 1 wk. 
113 255 13 0 
G 190 Prac 0 
7BH 280 20 0 
SA 254 22 0 
23A 400 24 0 
{BH 150 36 1 to 2+ 2nd and 
3rd wk. 
BH 300 23 Trace Ist wk. 
BH* 23 
SBHY $1 4+ Ist wk. 
IBH 10 0 
2BHI 35 0 
3SBH 32 0 
36BH 28 4+ Ist week 
{O0BH 25 
BH normal control 0 0 
BH? normal control 0 0 
BH oO 0 0 
Repeatedly bled before alloxan. Diet: oats unless marked ¢ indicating Purina diet. 
Apparently resistant to alloxan. No diabetes, after 2 
\, albino; B, brown; M, mixed; GR, gray; BH, Belgian hare. 

















Fic. 1.—Typical changes observed in the right retina of R-17 
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tally depleted by plasmapheresis before 8-globulin level became normal. In some 
the production of diabetes, retinal changes cases with insulin therapy, the albumin 
developed more rapidly. The fundi were approached the normal value. 
examined after plasmapheresis and prior In mild diabetes, without acidosis, there 
to alloxan administration to be sure that was frequently a decrease in the total 
depletion of plasma proteins alone was plasma protein, but little change in the 
not responsible for capillary bleeding. relative percentage of the various fractions 
The toxic effect of alloxan was prob- Twenty-one of the rabbits showed pro- 
ably not responsible for the capillary gressive lens changes and 8 showed minut« 
bleeding, for in some cases it was first capillary bleeding in the retina. The 


observed 3 to 4 months after administra- plasma albumin was usually markedly de- 
tion of the drug. creased and the 8-globulin increased at 

In 2 normal rabbits and the 1 which _ the time that hemorrhages were observed 
failed to become diabetic after 2 injections The rabbit which failed to develop dia- 


of alloxan, the eyes were normal on all  petes following injection of alloxan also 
examinations. These rabbits received the failed to show any plasma protein changes 
same diets as the diabetic animals. They 


, or eye abnormality. 
were bled and the retin examined at the 


Conclusions. Plasma protein changes 


same intervals. ; é ‘ 
, which occur in the rabbit with alloxan 


Summary. Plasma protein fractiona- 
tions (Tiselius technique) were made on 
24 rabbits before and after the develop- 
ment of alloxan diabetes. In severe dia- 
betes with acidosis there was a marked human diabetes. 
increase in the 6-globulin and a decrease ocular complications in rabbits demon- 
in the albumin level. With disappear- strates a further similarity between dia- 
ance of acidosis, either following insulin betes mellitus in man and diabetes pro- 


diabetes (7. e., a marked increase in the 
8-globulin and decrease in albumin levels 
are similar to those which are observed in 
The development of 


treatment or spontaneous adjustment, the duced by alloxan. 
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Ruedemann, Dr. E. Perry McCullagh and Dr. Irvine H. Page for aid and suggestions during the course 
of this work. We wish to thank Dr. Harry Goldblatt for the histologic examination of the rabbit eyes 
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A ROUTINE METHOD FOR THE RAPID DETERMINATION OF 
SUSCEPTIBILITY TO PENICILLIN AND OTHER ANTIBIOTICS 


By AmepEo Bonp1, Jr., Pa.D. 


EARLE H. SpautpinG, Pu.D. 


Dorotuy E. Samira, B.S. 


AND 


(CATHERINE C. Dretz, M.S. 


PHILADELPHIA, 


PENNSYLVANIA 


(From the Department of Bacteriology, Temple University Hospital and Medical School) 


Ir is reasonable to assume that a variety 
of antibiotic agents will be available to the 
physician in the near future. Already 
penicillin and tyrothricin are available for 
the treatment of many infections caused 
by gram positive organisms. Although 
still in the experimental stage, streptomy- 
cin shows promise in combating diseases 
due to gram negative bacilli. No doubt 
other antibiotics will be developed with 
more or less specific activity for certain 
types of bacteria. 

When antibiotic agents are 
available, the clinician will be faced with 
the problem of selecting the correct one. 
Among the factors which will influence 
his decision, the most important is the 
relative susceptibility of the infecting 
organism. For example, H. influenza is 
moderately resistant to penicillin’ but 
highly susceptible to streptomycin; pneu- 
mococci are penicillin susceptible but many 
strains are quite resistant to streptomycin. 
Neter™ studied the relative susceptibility 
of staphylococci to penicillin, tyrothricin 
and streptothricin and found a variety of 
susceptibility patterns. Resistance to 1 of 
the antibiotic agents does not appear to 
be related to resistance to the other 2. 
Strains of the same species not only dis- 
play variation in relative susceptibility to 
2 different antibiotics but they also show 
marked differences in their susceptibility 
to a single antibiotic.5 For example, 
Bondi and Dietz! found 13.9% of 116 
freshly isolated staphylococci to be re- 
sistant to penicillin. 


several 


Buggs and his asso- 
Cluies* have likewise shown that there is 


great variation in the susceptibility of 
strains of the same species to streptomycin. 

In view of the increasing number of 
available antibiotics, it is apparent that 
adequate bacteriologic study of infectious 
diseases should include routine tests for 
susceptibility. Several methods'®* are 
available for determining susceptibility to 
penicillin. These procedures, however, 
require first the isolation of the organism 
in pure culture and on the following day 
the determination of susceptibility. Al- 
though the results are reasonably accurate, 
a delay of 2 days from receipt of the speci- 
men is inescapable. Furthermore, in the 
instance of a mixed infection separate 
determinations must be carried out for 
each organism. A simple and more rapid 
test would be desirable even at the sacri- 
fice of some degree of accuracy. Such a 
test is described in this paper. 

The procedure to be reported is a modi- 
fication of that described by Vincent and 
Vincent for the assay of penicillin. By 
placing filter paper disks saturated with 
antibiotic solution on the surface of a 
blood agar plate immediately after inocu- 
lation with a clinical specimen, it is pos- 
sible to test susceptibility at the same 
time the primary culture is made. Fol- 
lowing overnight incubation susceptibility 
of the organisms is determined by meas- 
urement of zones of growth inhibition sur- 
rounding the disks. Thus, an evaluation 
of susceptibility can be obtained within 
24 hours, regardless of whether the culture 
contains 1 or several types of bacteria. 
Furthermore, as many as 3 different anti- 
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biotics may be compared simultaneously, 
although to date the authors’ experience 
is limited to the use of penicillin and 
streptomycin. 


Method. In this laboratory each specimen 
is streaked in an identical manner on 2 blood 
agar plates, 1 each for aérobic and anaérobic 
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incubation. The medium is a veal infusio1 
agar prepared according to the method of 
Wright® to which is added 2% tryptoss 
and 10% defibrinated horse blood. The 
swab or loopful of fluid is drawn once across 
one side of the agar surface. This primary 
inoculum is restreaked with a sterile inocu- 
lating loop and is spread with parallel streak- 

















Fia. 1. 
horse blood. 
right saturated with streptomycin (500 yg./ml.). 
lin; very susceptible (19 mm.) to streptomycin. 
to penicillin; resistant (9 mm.) to streptomycin. 
ible (19 mm.) to streptomycin. 


Disk susceptibility tests: 


lin (large outer zone); 





veal infusion agar with 2% tryptose containing 10% defibrin 

In each figure disk on left side of plate is saturated with penicillin (15 units/ml.), disk or 
1, Staph. aureus; very susceptible (26 mm.) to per 
2, Hemolytic streptococcus; very susceptible (21 mm. 
3, Staph. aureus; resistant to penicillin; very suscept 
4, Enterococcus; moderately susceptible (17 mm.) to penicillin (smal 
inner zone); resistant to streptomycin. Hemolytic streptococcus; very susceptible (27 mm.) to pe 
very susceptible (16 mm.) to streptomycin. 
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ing over one-third of the surface of the plate. 
After flaming the loop the plate is succes- 
sively turned at right angles and streaked 
in the same manner, care being taken to 
touch the previous inoculum with each 
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following preliminary trials with various 
strengths of each. 

Following overnight incubation, both 
plates are examined for colony identification 
and for evaluation of the susceptibility of 


streak until the entire surface has been the predominant or pathogenic types pres- 
covered. ent. Susceptibility is evidenced by the 
anie 1.—RevLative SuscepTisititry BY THE Disk MetrHop IN TeRMs oF UNITS 
Zone of 
inhibition; Susceptibility Relative 
Agent mm. range susceptibility 
Penicillin >20 <0.1 units/ml. Very 
10-20 0.1-0.4 units/ml. Moderate 
<10 >0.4 units/ml. Resistant 
Streptomycin >15 <4 ywg./ml. Very 
10-15 4-15 yg./ml. Moderate 
<10 >15 ug./ml Resistant 
TABLE 2.—SuscepTiBiLiry oF BactTerta* By Disk MetrHop 
Penicillin Streptomycin 
No. ————__~_— ~ — A 
Organism strains Very Mod. Resist. Very Mod. Resist. 
8-Hemolytic streptococci 17 15 2 0 1 2 14 
Viridans streptococci 10 8 1 1 0 2 8 
Non-hemolytic streptococci 9 5 0 4 1 2 6 
Enterococci ; 4 2 l 1 0 0 4 
Staphylococci 8 6 0 2 7 1 0 
Pneumococci 10 8 2 0 ) 1 9 
E. coli 11 0 0 11 s 3 0 
A. xrogenes 2 0 i) 2 2 0 0 
Klebsiella 1 0 0 1 1 0 0 
Proteus : 2 0 0 2 2 0 0 
Ps. pyocyanea 6 0 0 6 0 2 4 
H.influenze. . 16 0 15 ll 5 0 


* The significant organisms encountered in 54 selected clinical specimens. 


Disks of Whatman No. 2 filter paper, 
6.5 mm. in diameter, are cut with a cork 
borer or paper-punch; these are sterilized 
in a petri dish in the hot-air oven. By 
means of alcohol-flamed, fine-pointed for- 
ceps 1 of the disks is dipped into a solution of 
commercial penicillin carrying 15 units per 
ml. Excess solution is removed by placing 
the disk flat against the wall of the tube. A 
disk saturated in this fashion is placed 
gently on the surfaces of each of the inocu- 
lated plates in the area of the primary 
inoculum on the left side of the plate. In 
similar manner a disk saturated with a solu- 
tion of streptomycin carrying 500 ug. (500 
E. coli units) per ml. is placed on the right 
side of the plate (Fig. 1). The disks should 
be at least 20 mm. apart and on a line par- 
alle! to the line of streak so that the inoculum 
around both disks is comparable. The 
recommended concentration of the solutions 
of penicillin and streptomycin were adopted 





absence of growth around the disk, the 
larger the zone the greater the suscepti- 
bility. These zones are generally well de- 
fined and the diameter is readily measured 
with a millimeter ruler. 

By comparing the size of the inhibition 
zone with the results obtained by streaking 
the same organism on the surface of agar 
containing known concentrations of anti- 
biotic, it was possible to evaluate zone size 
in terms of units. It was convenient, fur- 
thermore, to employ the relative terms, 
“very susceptible,’ ‘moderately suscept- 
ible” and “‘resistant.’’ The data on which 
these evaluations were made appear in 
Table 1. 


Comment. The penicillin and strepto- 
mycin susceptibilities of the significant 
organisms encountered in 54 selected clini- 
cal specimens as determined by the disk 
method is presented in Table 2. In gen- 
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eral the results have been very satisfac- 
tory. The susceptibilities as determined 
by this method compare well with those 
obtained by more sensitive methods.*" 
It is not the intention of the authors, 
however, that this method should replace 
the more sensitive methods. It is designed 
as a routine test and as a guide in therapy. 
It may be carried out in any hospital 
The rather broad limits of 
susceptibility by this method are believed 
to be sufficiently accurate for the purpose. 

In determining criteria of susceptibility 
the authors were guided by blood level 
concentrations of both agents which are 


laboratory. 


usually attained by recommended do- 
sages.’ Concentrations of penicillin and 
streptomycin greater than 0.5 units and 
25 ug. per ml. of blood respectively are 
difficult to maintain for prolonged periods 
of time. It is not to be expected that 
infections caused by organisms with sen- 
sitivities of this magnitude or greater will 
respond to penicillin and streptomycin 
therapy. 

Certain precautions are recommended 
Whereas the 
solution of streptomycin is quite stable 


in carrying out the test. 


and may be used for several weeks if 
stored in the refrigerator, the solution of 
penicillin should be prepared at least once 
a week and likewise stored in the refrig- 
erator. Solutions of both agents in the 
concentrations recommended are best pre- 
pared in N/15 phosphate buffer, pH 6 
for penicillin and pH 8 for strepto- 
mycin. Disks should be placed in com- 
parable positions with respect to inoculum. 
The amount of growth naturally influences 
zone size, although slight variations in 
zone size do not materially affect final 
evaluation of relative susceptibility. Oc- 
casionally, heavy growth of a resistant 
organism may mask zones of inhibition 
of susceptible organisms. In such in- 
stances it may be necessary to subculture 
the latter organisms to fresh plates and 
repeat the tests. Inocula from specimens 
from the upper respiratory tract or from 
the intestinal tract where a large normal 
flora is generally present should be kept 
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to a minimum to prevent overgrowth by 
such resistant organisms. 

Occasionally, one encounters within a 
zone of inhibition a colony or colonies of 
a susceptible organism. The authors have 
considered such colonies resistant variants 
The production of these resistant forms 
by an organism which appears to be sus- 
ceptible may be of great importance in 
view of the recent reports concerning the 
mechanism of development of resistance 
to penicillin’ and streptomycin.*® In evalu- 
ating the susceptibility of such a culture, 
the possibility of resistant variants being 
produced should be taken into account. 

Streptomycin differs from penicillin in 
that it diffuses poorly and is adversely 
affected by certain ingredients in culture 
media.2* In an attempt to offset the 
smaller zones produced by streptomycin, 
a high concentration (500 ug. per ml.) of 
that agent was employed. Moreover, 
since the activity of streptomycin is re- 
duced under anaérobic conditions,?* zones 
of inhibition on anaérobic plates are either 
absent or smaller than those on the 
aérobic plates. It is recommended, there- 
fore, that only the aérobic plate be used 
in evaluating susceptibility to this agent. 
This is not true of penicillin; the zones 
produced by this agent are similar on both 
plates. 

This method may be used readily for 
testing susceptibility to any antibacterial 
agent which is water-soluble and diffusible 
in agar. Susceptibility to tyrothricin was 
attempted by this method but was unsuc- 
cessful because of its insolubility. Mor- 
ley” recently described a test similar to 
that of the authors in which determina- 
tions of susceptibility to sulfathiazole a 
well as penicillin were attempted. As : 
whole the results with sulfathiazole were 


t 


poor and did not appear to warrant use 0 


> = 


this method for the routine testing of 
susceptibility to sulfonamides. 

Aside from its value in determining 
susceptibility, the routine use of this test 
assists in colony identification. With a 
general knowledge of the relative susc°p- 
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rs tibility of the important pathogens to 
penicillin and streptomycin, one is often 
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of primary isolation. Its essential feature 
is the placing of filter paper disks satu- 


i guided by the zones of inhibition in rated with antibiotic solution on the sur- 
ot identifying colonies of H. influenze and face of a blood agar plate immediately 
ve other bacterial types. after its inoculation with a clinical speci- 
is Summary. A simple method is de- men. The routine use of this procedure 
ns scribed for determining susceptibility to provides valuable assistance in the selec- 
IS- penicillin and other antibiotics at the time _ tion of the proper antibiotic agent. 
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THROMBOPHLEBITIS 


THROMBOPHLEBITIS ON THE MEDICAL SERVICE OF A GENERAL 
HOSPITAL 


By Horace H. Honages, 


Caprain, M.C., A.U.S. 


AND 


NorMAN E. FREEMAN, 


Magsor, M.C., A.U:.S. 


(From the Medical Service of the 20th General Hospital) 


THE subject of thrombosis and embolism 
attention in the 
literature during recent 


has received increased 


surgical years. 
This has resulted from the recognition of 
the condition of quiet deep venous throm- 
bosis originating in the foot and calf (the 
“bland thrombosis” of Homans and the 
‘““phlebothrombosis” of Ochsner) and the 
introduction of surgical treatment in the 
form of proximal ligation and throm- 
bectomy. 

The frequency of thrombophlebitis com- 
plicating medical illness is often not fully 
appreciated by the internist, and conse- 
quently this complication is all too fre- 
quently during its 


unrecognized early 


stages. Likewise, proper preventive meas- 
ures are often neglected. Constant vigil- 


ance must be maintained to arrive at 
early diagnosis, upon which depends the 
prevention of pulmonary embolism and 
limitation of 
venous obstruction. 


months of 


from residual 
During the first 18 
operation of this General 
Hospital on the Assam-Burma_ border, 
thrombophlebitis was rarely diagnosed on 


disability 


months 
the occurrence of pulmonary embolism in 


the Medical Service. In recent 


several patients with scrub typhus has 
directed our attention to the frequence 
and importance of deep venous throm- 
During the past 4 months (Nov. ’44 
to Feb. 
diagnosed 10 times in 9 patients. 


bosis. 
45), thrombophlebitis has been 
These 
cases have been analyzed and the problem 
of thrombophlebitis in general is discussed 
with reference to the more recent reports. 

Material. 
thrombophlebitis occurring in 9 patients, 
all of American 
Eight of these developed in patients with 
scrub typhus during the management of 


There were 10 instances of 


whom were soldiers. 





130 consecutive cases of this disease—an 
incidence of 5°. One developed in a 
patient suffering from a depressive psy- 
chosis and one in a patient with acute 
infectious arthritis. 

All occurred in the lower extremit) 
There were 6 instances of primary in- 
volvement of calf veins, in 2 of which the 
process extended into the femoral veins 
(Cases 1 to 5). There were 2 instances in 
which the thrombophlebitis apparently 
originated in the pelvic (ilio-femoral) veins 
(Cases 8 & 9). In 2 patients the site of 
origin could not be accurately determined, 
since the process involved the whole ven- 
ous system of the leg from calf to pelvis 
at the time of recognition (Cases 6 & 7). 
A brief summary of each case is given in 
Table I. 

Diagnosis. 
thrombophlebitis complicating an_ illness 


The early recognition of 
depends upon the alertness of the physician 
and a knowledge of the early manifesta- 
tions of such a lesion. 

(1) Thrombophlebitis limited to the calf 
veins. Symptoms and signs were present 
quite early in our cases of deep calf vein 
thrombosis. In all 6 cases attention was 
directed to the lesion by the complaints of 
stiffness in the affected 
Such mild symptoms do not always 

spontaneous from a 
patient whose attention is centered upo 
In tw 
instances specific questioning was neces- 


discomfort and 
ealf. 


evoke complaint 


other more distressing ailments. 


sary to ascertain the presence of calf 


discomfort. Homans’ sign (increased pain 
in the calf on passive dorsi-flexion of the 
foot associated with tenseness to’ palp: 
tion) was present in all cases at the time 
symptoms were first noted. Apprecia)le 
swelling and vasomotor, color, and temper- 
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ature changes in the lower leg were 


(1) inflammation (pain and_ tenderness) 
along the course of that vessel and (2) 


long as there was free flow of blood 
through the femoral vein. 
not exceeding 99.5 ° 
(2) Thrombophlebitis limited to the calf 
and 
femoral vein manifested itself by signs of 


fe moral veins. 


Primary disease and 
Site of 'phlebitis 


Scrub typhus 

a) R. calf veins 

b) L. calf and fem- 
oral veins 


Scrub typhus 
R. calf veins 


Scrub typhus 
R. calf veins 


Serub typhus 
R. calf and femoral 
veins 


Acute arthritis, right 
ankle 
R. calf veins. 


Scrub typhus 
L. ilio-femoral veins. 


Psychosis 
L. ealf and ilio-fem- 
ral veins 


Scrub typhus 
a) L. ilio-femoral 
veins. 


b) L 


calf veins. 


Scrub typhus 
ilio-femoral veins. 


F., was present. 
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absent 


Fever, usually 


Involvement of the 


TABLE 


Symptoms and signs 


a) Calf pain, tenderness, and 
positive Homans’ sign noted 
14th day of illness. 


b) Calf pain, tenderness, and 
positive Homans’ sign; pain 
and tenderness over femoral 
vein; warmth, cyanosis, 
superficial venous dilatation, 


swelling of calf; leg held 
rigidly semi-flexed; fever 
100°; noted 42nd day of 
illness. 


Calf pain, tenderness, 
tive Homans’ sign 
day of illness. 


and posi- 
noted 15th 


Calf pain, tenderness, 
tive Homans’ sign 
day of illness. 


and posi- 
noted 22nd 


Pain rt. 
ness, not 


ealf on 16th day of ill- 

mentioned until 19th 
day. Pain, tenderness, and posi- 
tive Homans’ sign with moder- 
ate swelling of the calf present 


on 19th day. No signs over 
femoral vein. 
Calf pain, tenderness, and posi- 


tive Homans’ sign noted Sth day 
of immobilization, 


Unrecognized until patient had 
been ambulatory for 45 days 
Then swelling and discomfort 
without signs of activity. 

At least 2 episodes of’ pulmonary 
embolism —_— ‘phlebitis was 


diagnosed. Calf pain, tender- 
ness, and positive Homans’ sign; 
pain and tenderness over the 


femoral vein and in the groin; 
warmth, cyanosis, superficial 
venous dilatation and marked 
swelling of the whole limb; de- 
creased pulsation of femoral 
artery. 

(a) Unexplained recurrence of 
fever of 103° 25th day ill- 
ness. Signs of moderately 
advanced ilio-femoral throm- 
bophlebitis 32nd day. 


(b 


Signs of acute calf vein 
thrombophlebitis 43rd day 

3 days after heparin dis- 
continued. 


Unexplained recurrence of fever 
to 103° on 30th day of illness. 
Signs of moderately advanced 
ilio-femoral thrombophlebitis on 
36th day. Calf signs absent 


Rs 
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Treatment 


None. 


(b) Bandage, ele- 
vation and ex- 
ercise Liga- 
tion L. fem 
vein, 43rd day 
P-V_ injection 
$3rd,44th, and 
15th days 


Bandage, — eleva- 
oo and exercise 
P- injections 


1! sth, 16th and 
ISth days. 
Bandage, _ eleva- 
57 and exercise 
P - injection 
Sard day 

Bandage,  eleva- 
tion, and exercise. 


P-V injection 
19th day. 
Femoral vein liga- 
tion 19th day 


Bandage,  eleva- 
= and exercise. 
P- injection 
Sth = immobili- 
zation. 

Bandage, eleva- 
tion, and exercise. 


Bandage, _ eleva- 
tion, and exercise 
Continuous 1-V 
Heparin 11 days 


(a) Bandage, ele- 
vation and ex- 
ercise. Con- 
tinuous I-\ 
heparin6days 


(b) P-V 


injection 


Bandage,  eleva- 
tion, and exercise 
Continuous I-\ 
heparin S days 
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obstruction to venous return in the lower 
leg (superficial venous dilatation, warmth, 
cyanosis, and swelling below the knee). 
There was usually low-grade 
exceeding 100.5° 
action was mild. 


fever not 
but the systemic re- 


It should be emphasized 
here that these findings may be absent 
while a long propagating thrombus, at- 
tached only in the calf, floats free within 


Course and results 


(a) Therapy neglected due to 
failure to diagnose the 
lesion. No embolism. 


(b) P-V_ injection necessary 
for relief of pain following 
ligation. Ambulatory on 
47th day. No embolism. 
Residual disability re- 
quiring disposition to 
U.S. A. 


Good results. Ambulatory on 
the 16th day. No embolism. 
Returned to duty. 


During 10 days of bandage, 
elevation, and exercise, there 
was neither extension or im- 


provement. Exe —— result 
following a single P-V injec- 
tion No embolism. Re- 


turned to duty. 


Severe pulmonary embolism 
8 hours after the P-V injec- 
tion. Ligation following the 
embolism. Long illness with 
residual disability in right lee 
requiring disposition to U.S. 


Immediate relief of symptoms 
and signs. No embolism. 
Returned to duty after arth- 
ritis subsided. 


No embolism. Residual dis- 
ability in left leg required dis- 
position to U. 8. A. 


Prompt subsidence of fever, 
symptoms, and signs. No 
further embolism. Febrile re- 
action to heparin 11th day. 
Residual disability sufficient 
to require disposition to U. 

A., even had this not ae 
necessary due to the psy- 
chosis. 


subsidence of 
fever, symptoms, and 
signs. Ambulatory on 4th 
day of heparin. No em- 
bolism. Disability suffi- 
cient for disposition to 


(a) Prompt 


.8. A. 

(b) Prompt and permanent 
relief of symptoms. No 
embolism. 


Prompt subsidence of fever, 
symptoms, and signs. No em- 
bolism. Residual disability 
sufficient to require disposi- 
tion to U.S. A. 











the lunren of the femoral vein if the wall 
of that vein is not actually involved in the 
process. 

(3) Ilo-femoral thrombophlebitis. Frank 
ilio-femoral thrombophlebitis gave signs of 
more severe inflammation and obstruction. 
Rather marked pain and tenderness were 
present in the lower abdomen and femoral 
triangle. Swelling of the whole extremity 
from groin to foot was present in addition 
to heat, cyanosis, and superficial venous 
dilatation. In the upper thigh, the sulcus 
medial to the femoral artery, occupied 
normally by a compressible vein, was 
obliterated and the femoral arterial pulsa- 
tion was reduced. Fever was present, 
intermittent in character and often reach- 
ing 104° F. 

Cases 8 and 9 were instructive. These 
two patients were afebrile, ambulatory 
and convalescing satisfactorily from scrub 
typhus when a secondary rise in tempera- 
ture occurred. As no other cause for fever 
was found, they were carefully examined 
daily for signs of a suspected thrombo- 
phlebitis and none was found for several 
days. Then suddenly in both of these 
patients, the findings of a moderately 
advanced ilio-femoral thrombophlebitis 
Even then signs of calf vein 
involvement were absent. 

Treatment. For therapeutic purposes, 
our patients were divided into 3 groups: 
(1) those with signs of calf vein involve- 
ment only, (2) those with signs of both 
calf and femoral vein involvement, and 
(3) those with frank ilio-femoral thrombo- 
phlebitis. 

In the first group, treatment consisted 
primarily of lumbar paravertebral procaine 
injections. We believe that this method 
is safe if one can be sure that the lesion is 
‘arly and that no thrombus is present in 
the femoral vein. 

For the second group, we employed 
ligation of the femoral vein. Lumbar 
paravertebral procaine injections w-7e 
used only for the relief of pain after 
ligation. 

The third group Was treated with hep- 
arin, this being the only anticoagulant 


appeared. 
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available to us. Heparin was administered 
by continuous intravenous drip at a rate 
sufficient to maintain the clotting time 
between 30 and 40 minutes. “Bicycle” 
bed exercises were instituted on the third 
day of heparinization and the patients 
were made to walk on the fourth day. 
The use of paravertebral procaine injection 
in a patient who is receiving anticoagulant 
is definitely contra-indicated because of 
the danger of retro-peritoneal hemorrhage 
from needle puncture of vein in the para- 
spinal region. 

In all 3 groups elevation, compression 
bandage, bed exercises, and earliest possi- 
ble mobilization were used routinely. 

Results. (1) Thrombophlelitis limit 
to the calf veins. The results of procain: 
sympathetic block were satisfactory in 
3 patients (Cases 2, 3, 5) with thrombo- 
phlebitis limited strictly to the calf. There 
Was prompt symptomatic relief with no 
extension of the thrombosis after the first 
injection. A single injection was sufficient 
in 2 instances, whereas 3 injections at 
daily intervals were necessary in the other 
There was no residual disability and all 
of these patients were returned to full 
military duty. The remaining instance 
of thrombosis limited to the calf veins 
was untreated because of failure to diag- 
nose the lesion at an early stage. 

(2) Thrombophlebitis limited to the calf 
and femoral veins. One patient (Case 4 
with calf and femoral vein involvement 
received a paravertebral procaine injec- 
tion. Eight hours later this patient 
suffered a severe pulmonary embolism and 
the femoral vein was ligated immediately 
thereafter. In retrospect, this appears to 
have been an error in judgment. Follow- 
ing the ligation in this case there was per- 
manent relief of pain in the leg. In one 
other case of calf-femoral vein throm)o- 
phlebitis in which the femoral vein was 
ligated, pain from venous spasm persis‘e 
until relieved by lumbar sympathetic pro- 
caine block. Both of these patients had 
residual swelling and disability severe 
enough to require disposition to the zone 
of the interior. 
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(3) Ilio-femoral thrombophlebitis. Good 
results followed heparin therapy in 3 
treated cases of ilio-femoral thrombophle- 
hitis (Cases 7, 8, 9). The process quickly 
subsided and no embolism occurred. In 
one of these (Case 8), the administration 
of heparin was discontinued after 6 days. 
Three days later, signs of acute deep calf 
vein thrombophlebitis appeared. These 
signs subsided rapidly after one lumbar 
paravertebral injection of procaine. There 
was one febrile reaction apparently due to 
heparin. This patient experienced a chill 
followed by fever of 104° F. for which no 
other cause could be found. The fever 
disappeared within a few hours following 
the discontinuance of herapin. The re- 
maining case of ilio-femoral thrombo- 
phlebitis (Case 6) was untreated since it 
All of 
these patients had rather marked residual 
disability necessitating evacuation to the 
zone of the interior. 

Comment. Considerable advances have 
been made in recent in the understanding 
of the fundamental problems of thrombo- 
phlebitis. Recognition of the fact that 
the pelvic veins are not the usual primary 
site of thrombophlebitis is of major im- 
portance. While the majority of throm- 
botic processes originate in the foot and 
calf veins, the pelvic veins are occasionally 
the initiating site.'* Observation of cases 
8 and 9 supports this view. 

The term “‘phlebothrombosis” has _be- 
come used to differentiate between sup- 
posedly non-inflammatory venous throm- 
bosis and frankly inflammatory _ ilio- 
femoral thrombophlebitis or phlegmasia 
alba dolens. It may be that this concept 
is not strictly accurate. Except in cases 
of purely traumatic origin, it appears that 
all venous thrombosis is associated with 
inflammation of the vein wall, that asso- 
ciated with phlebothrombosis differing 
only in degree from that in ilio-femoral 
thrombophlebitis. Jensen has called 
attention to the presence of microscopic 
inflammatory changes in sections of fem- 
ral veins removed at operation from 
ases of so-called phlebothrombosis. 


was quiescent when discovered. 
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Many cases of pulmonary embolism 
occur before the site of the thrombus has 
been detected. Thrombosis originating in 
the calf with a long, unattached, non- 
obstructive, centrally propagating throm- 
bus is responsible for the majority of 
these cases.'' With constant vigilance on 
the part of the physician, many of these 
instances of calf vein thrombosis may be 
detected in time to prevent pulmonary 
embolism. When the picture of ilio- 
femoral thrombophlebitis has become man- 
ifest, there is much less danger of embol- 
ism; then obstruction to the lumen is 
complete, the thrombus is firmly attached, 
and the likelihood of a detachable throm- 
bus extending beyond the junction of the 
external and internal iliac veins or of the 
two common iliacs is not great. 

There have been three major therapeutic 
approaches to the problem of thrombo- 
phlebitis: (a) anticoagulant therapy, (b) 
sympathetic block by use of lumbar para- 
vertebral procaine injections, and (c) 
surgical treatment by ligation of the vein 
above the thrombus with or without 
thrombectomy. 

Following its introduction in 1938 by 
Murray and Best,'® heparin has been 
rather widely used to increase the coagula- 
tion time of the blood. Its utility has 
however been somewhat limited by diffi- 
culty of constant intravenous administra- 
tion and expense. More recently Loewe 
and Rosenblatt!’ have reported the use of 
heparin-Pitkin menstruum subcutaneously. 
Subsequently Loewe, Rosenblatt, and 
Hirsch'® have reported good results in 
treatment of 125 cases of thrombophlebitis 
of various types with heparin-Pitkin men- 
struum. Bauer’ from Sweden has reported 
enthusiastically on the efficacy of heparin 
in preventing extension of thrombosis. 
During a 5 year period while intermittent 
intravenous heparinization was used, only 
3 fatalities from embolism occurred in 
209 cases of deep thrombosis, as compared 
with 47 embolic deaths in 264 cases of 
thrombosis before heparin therapy was 
used. One of his deaths occurred before 
heparin was administered. One occurred 





230 HODGES, FREEMAN: 


from fresh thrombosis in the opposite leg 
after discontinuance of heparin, the pa- 
tient having not been allowed out of bed. 
He calls attention to the importance of 
mobilizing patients before heparin is dis- 
continued. Most of the heparin failures 
have resulted from allowing the patients 
to remain in bed after the anticoagulant 
was discontinued. 

Because of the ease of oral administra- 
tion, dicoumarol has become popular as 
a means of delaying blood clotting. How- 
ever its use is limited by the necessity of 
having laboratory facilities available for 
the daily determination of blood prothrom- 
bin levels. Dicoumarol has been exten- 
sively used by Barker and his associates'*'® 
in both prophylaxis against and treatment 
of thrombo-embolism. In a group of 138 
cases of postoperative thrombophlebitis 
treated with dicoumarol, they had no fatal 
embolism and only 4 patients developed 
subsequent episodes of thrombophlebitis.® 
Yahr et al.** have also recently reported 
good results in 57 cases of thrombophlebitis 
of various types treated with dicoumarol. 

The lumbar sympathetic block was 
introduced by Leriche'® and popularized 
in this country by Ochsner and De- 
Bakey.2°*”= Good results, both immedi- 
ate and permanent, have been cited by 
these and other authors from the use of 
this procedure in various types of throm- 
bophlebitis. However Ochsner” has re- 
cently advocated that use of this procedure 
be reserved primarily for relief of vaso- 
spasm associated with ilio-femoral throm- 
bophlebitis. 

Interruption of the venous channels as 
a means of treating thrombophlebitis was 
initiated by Homans in 1937." Since then 
the trend has been toward more frequent 
use of vein ligation and thrombectomy. 
There are many reports of good results 
following surgical treatment of this na- 
EH TSE SEAS Tt hes become 
common practice to ligate both femoral 
veins in the attempt to prevent further 
embolism even though signs of thrombo- 
phlebitis may be limited to one leg. 
Homans" has advocated the use of iliac 


THROMBOPHLEBITIS 


or vena caval ligation in cases of repeated 
embolism. Some have advocated the use 
of anticoagulants in conjunction with 
interruption of the venous channels and 
(or) thrombectomy.” ®*4 

Even so, it remains apparent that no 
one of the procedures at use at the present 
time is adequate for the management of 
all forms of venous thrombosis or for the 
Unexplained 
failures have been noted with dicoumarol' 


prevention of embolism. 


and embolism has occurred following the 
4,15 


use of heparin. We have had a case of 
embolism following the use of sympathetic 
block. Six per cent of patients who have 
had embolism prior to vein ligation have 
a repetition of embolism following this 
procedure.2 Dennis'' has reported a case 
of severe ischemia following femoral vein 
ligation. The patient almost lost his leg 
and was still unable to walk on it 6 months 
later. This author strikes a note of warn- 
ing and conservatism regarding indiscrim- 
inate vein ligation. One has to admit, 
then, that we have no perfect method with 
which to combat thrombo-embolism at the 
present time. 

It has seemed to us that the indications 
for the use of one or more of the major 
forms of therapy differ considerably de- 
pending upon such factors as the site of 
origin of the thrombotic process, its dura- 
tion and extent, and whether or not 
embolism has already occurred. By using 
sympathetic procaine block therapy for 
the group with thrombophlebitis limited 
to the calf, we were able to return this 
group to full military duty. Had femoral 
vein ligation been employed, disability 
sufficient to prevent return to full duty 
would have resulted. The use of sympa- 
thetic block for this sort of case is said by 
many to be dangerous and we emphasize 
that one should be extremely careful to 
select for this procedure only patients in 
whom the process is known to be early 
and in whom there are no signs to indicate 
thrombosis above the knee. Barker et al.' 
state that there is evidence that when 
thrombophlebitis is diagnosed clinically, 
the thrombus which is present will almost 
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certainly not detach and become an em- 
bolus. The use of sympathetic block 
would seem particularly suited to the 
patient who develops calf thrombophle- 
hitis after he has become ambulatory. 
The danger of embolism should be small 
indeed and they are spared the “minimal”’ 
immediate disability and the undeter- 
mined amount of permanent disability 
resultant to femoral vein interruption. 
In the one case in which embolism followed 
sympathetic block, it is noteworthy that 
there was clinical evidence of extension of 
the thrombosis into the femoral vein at 
the time of the procedure. The danger of 
embolism is greatest when a propagating 
thrombus occupies the lumen of the 
femoral vein. In such instances, it appears 
safest in spite of the disability which 
results to remove the clot and ligate the 
vein, perhaps employing anticoagulants 
subsequently. In ilio-femoral thrombo- 
phlebitis, the danger of embolism is much 
less and surgical procedures necessarily 
much more radical. Ligation of the iliac 
vein or the vena Cava is a major surgical 
procedure which becomes formidable in a 
patient who is atready suffering from a 
serious disease. Here it would appear that 
anticoagulant therapy is most useful. 

In view of the danger and disability 
resulting from venous thrombosis, pre- 
vention assumes a most important role. 
An understanding of the factors which 
contribute to intravascular clotting is 
essential to any program of prevention. 
The principal factors in the development 
of this condition are: (1) decreased rate 
of blood flow, (2) injury to the endothe- 
lium, (3) increased coagulability of the 
blood, (4) increased vasomotor tone, and 
(5) the “X” factor—presumed to be of 
toxic nature, liberated into the circulation 
as a result of disease, injury, or operation. 
Factors promoting venous stasis were 
present in all of the cases presented here. 
The typhus patients were prostrated and 
confined to bed. In addition their beds 
were fitted with Gatch frames which 
lowed marked flexion of the knees and 
thighs—thus favoring a certain degree of 
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venous obstruction both at the knee and 
groin. De Takats!’ has called attention 
to the Fowler position as a factor in venous 
stagnation. The psychotic patient lay 
immobile for long periods of time. The 
patient with arthritis was treated by 
immobilization of the affected extremity. 
With regard to injury to the endothelium, 
rickettsial diseases in general are known 
to damage the capillaries and small blood 
vessels. However, we know of no specific 
observations concerning the condition of 
the endothelium of the veins of the legs 
in scrub typhus. We have no observations 
concerning an increase in the coagulability 
of the blood, the vasomotor tone, or the 
“X” factor in these patients. 

Simple prophylactic measures which 
include (1) elevation of the foot of the 
bed, (2) early institution of bed exercises, 
and (3) avoidance of the unnecessary use 
of the Fowler position, immobilization, 
and poorly applied constricting bandages 
should appreciably lower the incidence of 
thrombophlebitis. In very ill patients, 
nursing care should include message and 
passive motion of the lower extremities in 
addition to the usual backrubs. We be- 
lieve that the institution of the Army 
reconditioning program for bed patients 
as well as for convalescent patients is 
extremely important in the prophylaxis of 
thrombophlebitis. 

Summary. (1) Ten instances of throm- 
bophlebitis in the lower extremity were 
observed on the Medical Service of this 
General Hospital during a four month 
period. 

(2) Eight of these developed in patients 
with scrub typhus fever. 

(3) Early diagnosis was not achieved 
until we began to look carefully for the 
arly signs. 

(4) In our opinion, treatment of throm- 
bophlebitis should be individualized de- 
pending on the location and extent of the 
lesion. 

(a) Thrombophlebitis confined to the 
calf veins was treated by lumbar para- 
vertebral sympathetic block with uni- 
formly good results. This procedure prob- 
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ably tends to prevent central propagation 
of the thrombus, embolism did not occur, 
and patients were spared the prolonged 
disability which follows femoral vein liga- 
tion. The use of heparin of dicoumarin in 
these cases might help prevent propaga- 
tion of the thrombosis. However, its use 
is usually unnecessary. The concomi- 
tant use of anticoagulant and lumbar 
sympathetic block is prohibited by the 
danger of retro-peritoneal hemorrhage. 

(b) Thrombophlebitis involving the calf 
and femoral veins was treated by proximal 
ligation. Sympathetic block was used 
only for relief of pain after ligation. In 
one case of calf vein thrombosis with 
extension into the femoral vein, para- 
vertebral procaine block prior to femoral 
ligation was followed promptly by pul- 
monary embolism. 
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(c) Ilio-femoral thrombophlebitis was 
treated with heparin, high ligation being 
inadvisable in these ill patients. The 
results were satisfactory. 

(5) This choice of therapeutic methods 
for the treatment of specific thrombotic 
lesions seems rational. It has been suc- 
cessful thus far in preventing embolism 
and in minimizing disability. 

(6) In addition to these specific meas- 
ures, all three groups of patients were 
treated with elevation of the extremity, 
compression bandage, bed exercises, and 
early mobilization. 

(7) Our observations suggest that all 
cases of ilio-femoral thrombophlebitis do 
not necessarily result from extension of a 
calf vein thrombosis; such a process may 
originate occasionally in the ilio-femoral 
region. 
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need for an effective colloidal 
solution without serious 
effects stimulated a renewed interest in 
substitutes for plasma in the early years 
of the recent Could either the 
duration of the war or the response of 
the American people to the plea for 
blood donations have been predicted 
accurately, the program of investigations 
into plasma substitutes might not have 
Had that been the 
ease, we could not have gained the 
knowledge of the physiologic properties 
and the physicochemical characteristics 
of so many substances suggested as 
plasma substitutes in such a relatively 
short time. 

There is as yet no acceptable substi- 
tute for blood if one is to consider its 
Plasma has 
been accepted through necessity as a 
“blood substitute.” The introduction of 
uch materials as pectin, isinglass, methyl 
‘ellulose, globin, bovine albumin and 
zelatin has been for trial as substitutes 
‘or plasma rather than for whole blood. 
it is recognized, however, that the infu- 


THE 


infusion side 


war. 


been so extensive. 


oxygen-carrying function. 


sion of any colloidal solution which in- 
creases the blood volume, augments the 
cardiac output and is, therefore, a blood 
substitute in a limited sense. 

Many though the functions of plasma 
may be, the greatest uses for plasma are 
in the treatment of peripheral vascular 
collapse and in the maintenance of pro- 
tein nutrition by the intravenous route. 
Inasmuch as the recent need was for a 
colloid to be used in combating shock, 
the criteria for a plasma substitute be- 
came the criteria for an agent for the 
treatment of circulatory collapse. 

The Criteria for an Agent for the Treat- 
ment of Shock. Certain minimal specifica- 
tions for a plasma substitute could be 
inferred from the physiochemical proper- 
ties of the serum proteins which are re- 
sponsible for the colloidal functions of 
plasma. It does not follow, however, 
that the properties of a plasma substi- 
tute must be identical with those of the 
serum proteins. By reasoning thus, it 
becomes easy to think in terms of physio- 
chemical structure rather than in terms 
of physiologic and clinical response. It 
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is quite possible that colloids having 
physiochemical properties at variance 
with the plasma proteins might prove to 
have advantages over plasma itself in 
special circumstances. A knowledge of 
the molecular structure, however, gov- 
erning as it does the viscosity and osmo- 
tic presure, is of great help in improving 
and perfecting a plasma substitute. 

One of the most significant factors in 
peripheral vascular collapse, no matter 
what the cause, is the diminished circu- 
lating blood volume. Whole blood is 
usually the ideal replacement fluid, but 
there are some varieties of shock and 
shock-like states when some clinicians 
prefer a colloidal solution without eryth- 
rocytes and therefore use plasma. There 
are also times when blood is not obtain- 
able, or not obtainable without some 
delay for blood grouping and cross-match- 
ing, or not in sufficient quantity to meet 
a specific need. In these instances plasma 
is better for injection than a non-colloidal 
solution such as isotonic sodium chloride 
which dilutes the serum proteins and 
diminishes the colloid osmotic pressure, 
resulting in a greater and more rapid 
escape of fluid from the vascular tree. 

The proteins of plasma probably are 
utilized for several functions that one 
could not expect to find in a single sub- 
stitute. The chief function, however, at 
which a substitute is directed is the 
oncotic one. 

An acceptable plasma substitute should 
satisfy certain minimal physical, physio- 
logic and immunologic criteria. The 
physical properties of such a substitute 
are: (1) stability, (2) ease of storage, 
(3) low viscosity, (4) high osmotic pres- 
sure, and (5) a colloidal particle size large 
enough to be retained in the circulation. 

From a physiologic standpoint a plas- 
ma substitute must be safe for injection 
in large quantities, must be retained in 
the circulation long enough to be effec- 
tive as an oncotic force, and should not 
interfere with the function of internal 
organs. Of these last functions attention 
should be turned especially toward blood 
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coagulation, the defense against infection, 
tissue repair, and the function of liver 
and kidneys. 

Immunologically a plasma substitute 
should not be an antigen, or at most 
should be a poor one. If any antigenicity 
can be demonstrated, it should not be 
associated with any sensitivity to horse 
or rabbit serum. Any material intended 
for a plasma substitute should have a 
minimum of natural sensitivity and no 
associated food sensitivity. 

Gum Acacia. Gum acacia is the one 
colloidal infusion material remembered 
from the first World War. This polysac 
charide was used extensively until study 
of its toxicity, especially with reference 
to its antigenicity and its tendency to 
produce liver dysfunction and hypopro- 
teinemia, placed it in disfavor.'.'771.2.9 

In spite of its untoward side effects, 
solutions of gum acacia were good substi- 
tutes for the oncotic functions of plasma, 
and many investigations into its proper- 
ties have provided the pattern for study 
of later substitutes. 

Human Serum Albumin. One of the 
substitutes for plasma which was studied 
most extensively was human serum albu- 
min. Being derived from plasma itself 
it is not a true plasma substitute in its 
sparing effect on blood donations. At 
the same time, since it is a fraction of 
plasma, it is subject to less criticism than 
artificial substitutes. 

Safe and effective though human serum 
albumin may be, it was prepared orig- 
inally for military use with mobile 
forces®®:*.%! with relatively little regard 
to cost. Unless cheaper methods of frac- 
tionation can be achieved or the cost of 
human serum albumin subsidized, it 
seems improbable that it will enjoy wide 
clinical use in civilian medicine. 

Serum albumin has a molecular weight 
of 69,000 (plasma protein average 90,000 
and on a theoretical basis should hold 
18 ec. of fluid in the blood stream per 
gram.’* This theoretical measure of on- 
cotie function has been confirmed by de- 
terminations of plasma volume increase 

















after infusion of the human serum albu- 
min.?-%-87 

Albumin solutions have a high degree 
of thermal stability’ and may be given 
intravenously with a very low reaction 
Globulin deficiency after repeated 
infusions has been reported.*’ Follow- 
ing the injections of serum albumin there 
is a hemodilution which is well sustained 
in depleted subjects but which is tran- 
Such hemo- 
dilution and plasma volume increase is 
marked if additional fluids are 
given with the albumin. Fluids should 
be given with albumin infusion in de- 
hydrated patients. 

Serum albumin is well retained if there 
is no hemorrhage or loss through burned 
’ Infusions of albumin are ef- 
the treatment of shock and 
burns and are followed by an increase in 


rate. 


sient in normal controls. 


most 


surtaces.* 


fective in 


right auricular pressure, arterial pressure 
and cardiac output.9 37-87 

Albumin is utilized like native serum 
protein, but only a small portion is re- 
tained in the circulation after injection, 
the remainder evidently being stored.*7 
Hypoproteinemia~ may be corrected if 
sufficiently amounts are 
Study of tissues following repeated infu- 
sion reveals no evidence of pathologic 


large used.* 


change.*’ 

Albumin has been used in the treat- 
ment of the nephrotic state; and while 
there is a definite increase in proteinuria 
following infusion, there is not always 
an accompanying diuresis.®** There is 
but temporary improvement in cirrhoties 
following infusion of human serum albu- 
min.®’ A salt-free preparation has been 
inade available which is a better agent, 
theoretically at least, for the mobilization 
of edema.” 

Gelatin. 
first as a plasma substitute by Hogan 
in 1915,°° but were abandoned for several 
reasons. Bayliss,‘ who had done much 
to establish gum acacia as an effective 
agent for the treatment of shock, ob- 
jected to gelatin on the theoretical groand 
that all contaminating spores might not 


Gelatin solutions were used 
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Other in- 
vestigators used methods of preparation 
of solutions at variance with Hogan’s and 
obtained different results which did much 
to discredit the earlier work. 

Between the 2 wars gelatin was men- 
tioned as a substitute for plasma only 


be killed in its preparation. 


once. Wolfson and Teller,” using the 
refractive index of serum, reported that 
infused gelatin was retained in the circu- 
lation long enough to be effective in post- 
hemorrhagic hypotension. 

The more recent investigations into 
the suitability of gelatin as a plasma 
substitute indicated that it was both safe 
and effective as a substitute for the on- 
cotic function of plasma in the treatment 
of shock and hemorrhage. Inasmuch as 
gelatin solutions are composed of molec- 
ular aggregates of varied size the ques- 
tion of optimum molecular structure be- 
‘ame an important one. It was apparent 
that no gelatin would approximate closely 
the molecular configurationof the native 
plasma proteins so that the choice of a 
gelatin solution for use as a plasma sub- 
stitute lay between a long and a short 
molecular chain structure. 

The viscosity, gel strength, modulus 
of rigidity and temperature of solidifica- 
tion are directly proportional to the size 
of the molecular chain while the fluidity 
and melting point are inversely propor- 
tional to molecular chain size. The small 
molecules, while having a higher theoreti- 
‘al osmotic pressure than the large mole- 
cules, are lost rapidly through the kidneys 
so that the effective osmotic pressure is 
actually higher with the large molecular 
gelatin. The best preparations from the 
standpoint of physiologic response then 
have the practical disadvantage of high 
viscosity. 

Gelatins of any molecular structure 
seem to be innocuous and safe for injec- 
tion in large quantities.?***-4°. The ab- 
sence of liver and kidney damage in both 
dogs and patients after infusion of gelatin 
has been demonstrated.‘ More 
rigorous tests were used by Van Slyke® 
in which gelatin was given to animals 





with renal ischemia. Recovery was as 
rapid and regular in the gelatin infused 
animals as in the controls. Morphologic 
changes found in animals after massive 
gelatin infusion and after repeated infu- 
sions in all instances were reversible.®* 
Human autopsy material revealed no 
changes attributable to gelatin.’ Un- 
toward reactions following gelatin infu- 
sion in human subjects are infrequent,“ 
and the venous thrombosis found after 
some gelatin infusions was demonstrated 
to be due to a mercurial preservative.™ 

Following the injection of gelatin intra- 
venously there is an immediate rise in 
serum gelatin concentration and a con- 
comitant fall in native serum proteins. 
The serum gelatin concentration dimin- 
ishes gradually thereafter with a recip- 
rocal rise in serum protein concentration. 
The speed of this reciprocal reaction is 
inversely proportional to the molecular 
size of the gelatin while the duration of 
detectable gelatin concentration in the 
blood is directly proportional to the 
molecular size.*7 40:47 53,68 

Highly degraded (short molecule) gela- 
tin may leave the circulation completely 
in less than 24 hours while minimally 
degraded varieties (long molecules) dis- 
appear completely only at the end of 
5 days.?* 40 

Blood coagulation is not effected fol- 
lowing gelatin infusion,*°“? and although 
the hematocrit reading and the hemo- 
globin concentration are decreased, the 
total red cell volume is not diminished 
either in animals in shock or in normal 
unanesthetized controls. The sedi- 
mentation rate is increased markedly 
after gelatin infusion according to all 
observers. 

The increased sedimentation rate seen 
with so many of the macromolecular col- 
loidal substitutes for plasma is a measure 
of the degree of pseudo-agglutination of 
the erythrocytes. The phenomenon of 
pseudo-agglutination is apparently with- 
out deleterious effect insofar as gelatin 
is concerned, based on observations of 
oxygen transport®® and direct visualiza- 
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tion of capillaries after gelatin infusion 
through a rabbit’s ear window.'® 

The possibility of difficulty with the 
cross-matching of the blood of patients 
recently infused with gelatin (up to 
1 days) was eliminated by the utilization 
of glycine to prevent the phenomenon of 
pseudo-agglutination in serum cell sus- 
pensions.* 

The use of various gelatin solutions in 
the treatment of experimental shock re- 
vealed differences resulting from the type 
of gelatin preparation used, but, in gen- 
eral, gelatin was found to be an effective 
agent for the restitution of colloidal os- 


motic pressure. 
# 80,81 


Swingle and his asso- 
clates found gelatin to be superior 
to saline and demonstrated pooled hepar- 
inized plasma to be no better than gela- 
tin. Parkins’® work indicated that gelatin 
is among the best of the colloidal sub- 
stitutes for plasma. 


Lawson" 


Gordon, Hoge and 
found gelatin to occupy an 
intermediate place between blood and 
crystalloids in its ability to maintain the 
circulation after blood loss. Winkler, 
Danowski and Elkington*® found gelatin 
to be equal to serum in the treatment of 
salt depletion shock. 

Attention has been called to the dif- 
ferences between gelatin types and mo- 
lecular structure by several groups of 
investigators.?7:35.40-41.56 Clinical superi- 
ority was claimed definitely for the long 
molecular structures by most observ- 


58.59 although it was recognized that 


ers, 
the short molecular form was both effec- 
tive and innocuous. 

The excellent study from Whipple’s™ 
laboratory revealed that gelatin caused 
no alarming disturbances; it produced 
beth plasma protein and hemoglobin 
when given by mouth, produced blood 
protein equivocally when given by vein, 
and had no inhibitory action on the 
formation of plasma proteins from casein 
hydrolysates or amino acids when those 
materials were infused after gelatin. 
These studies were done with doubly 
depleted dogs (anemic and hypoprotein- 
emic), and on the basis of the behavior 
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of these animals 2 questions were raised: 
the possibility of toxicity from gelatin 
when given over a period of 1 to 2 weeks 
and the possibility of gelatin infusion 
causing further damage in kidneys al- 
ready diseased. The prolonged adminis- 
tration of gelatin is apparently without 
deleterious effect in patients,?74° 5 and 
it does not seem to alter kidney function 
adversely in the diseased or damaged 
kidney.27:40.42.44 

In normal individuals the administra- 
tion of poorly degraded gelatin solutions 
is attended by an increase in cardiac out- 
put and by an increase in plasma volume, 
hut not by a rise in arterial pressure.'*-*° 
In the patient in peripheral collapse the 
same physiologic changes are seen, but 
the low blood pressure is rapidly returned 
to normal. In the shocked individual 
with depleted plasma volume 52 gm. of 
gelatin (P-20) in 1000 ce. of fluid in- 
creased the plasma volume for 4 to 6 
hours to the same extent as did 50: gm. 
of human serum albumin.* 384.71 Plas- 
ma volume increases are greater but less 
sustained following gelatin infusion as 
compared with blood and plasma.®:”! 

Poorly degraded gelatin solutions have 
been used as an agent for the mobiliza- 
tion of edema with variable results.“ 
The use of highly degraded (short mole- 
cule) gelatin in edematous states is not 
without danger because of the escape of 
small gelatin particles into the edema 
fluid.” The larger gelatin molecules 
P-20) pass through purposely injured 
capillaries only 35 to 60% as much as 
do the plasma proteins. 

Of all the plasma substitutes, except 
those derived from plasma itself, gelatin. 
: the only protein. Even though it is 
an incomplete protein, it is at least par- 
tially metabolized. Brunschwig’ demon- 
trated the metabolism of gelatin in ani- 
mals and man,’ and Koop and his asso- 
iates® found that when nitrogen is 
upplied as half gelatin and half casein 
rv fibrin hydrolysate, the utilization of 
nitrogen was better than that achieved 
‘ith the hydrolysate alone.* 
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gelatin solutions 
have been prepared as plasma substi- 
tutes: isinglass (icthyocolla) and oxypoly- 
gelatin. 

Isinglass, a collagen prepared from the 
swim bladders of hake with 96.6% of its 


Two. variations of 


protein available as amino acids®> was 
studied by Taylor and his associates.™ 
After animal experiments and clinical 
trial it was thought that a suitable ani- 
mal gelatin rather than isinglass offered 
greater assurance of effective mainte- 
nance of blood pressure because of the 
much longer time it remained in the 
blood stream of the infused animal.** 

Oxypolygelatin, an oxidized, polymer- 
ized gelatin was introduced by Pauling® 
and developed to the point of reproduci- 
bility. Observations by Parkins® indi- 
cate that the application of oxidation 
and polymerization procedures to ossein 
gelatin might increase its fluidity without 
serious change in its physiologic charac- 
teristics. 

Bovine Albumin. Whole bovine plasma 
has been known to produce alarming re- 
actions when given intravenously to other 
species. Such reactions were associated 
with the globulin fraction of bovine 
plasma to a large degree.*° Bovine albu- 
min can be prepared in such fashion as 
to have a low reaction rate* and a non- 
bacterial chill-producing substance has 
been described in bovine albumin.*® Re- 
actions with the purified albumin when 
they do occur include urticaria, diarrhea, 
fever, nausea, vomiting and chill.* 

The bovine albumin is a potent anti- 
gen,?*-32.52.82 and there is the possibility 
of cross-reaction with beef products taken 
by mouth.” In spite of this it has been 
administered to patients.'°-16.% 

The infusion of a bovine albumin to 
animals in thermal shock is a therapeutic 
procedure not attended by toxic reac- 
tions but less effective than plasma when 
large and continuous protein and fluid 
losses are encountered.'’* The plasma 
volume and circulatory tone are ade- 
quately maintained after infusion, and 
the ability of bovine albumin to hold 
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fluid is equal to that of human serum 
albumin.” 

Serum and urinary potassium are not 
significantly altered after infusion. The 
morphologic changes produced in rabbits 
following infusion of bovine albumin are 
all reversible, but this does not carry 
over to human subjects necessarily.’ 

Globin. A modified globin prepared 
from the erythrocytes of man has been 
used by Strumia and his co-workers’? as 
a substitute for the colloidal osmotic 
functions of plasma. A_ preliminary 
report published by them in 1945 indi- 
cated that globin had these general attri- 
butes: (1) solubility in water at pH 7.4, 
(2) minimum solubility at pH 6.5, (3) a 
viscosity lower than that of citrated plas- 
ma, (4) a molecular weight of 85% of the 
globin equal to 34,000, (5) a symmetrical 
molecule, (6) an approximate yield of 
250 gm. per 1000 cc. of packed erythro- 
cytes, (7) stability in solutions of 0.85% 
saline (under ordinary conditions of pres- 
ervation), (8) miscibility with citrated 
blood or plasma, (9) failure to increase 
erythrocyte sedimentation rate, and (10) 
production of hemodilution lasting 24 to 
120 hours after intravenous infusion. 

The authors found no evidence of anti- 
genicity or toxic properties other than 
pyrogenic reactions and what they called 
a “pressor effect’? and a “vasomotor 
effect.”’ Globins exhibiting instability at 
pH 7.4 were not used in clinical investi- 
gations because of the embolic phenom- 
ena associated with death and organic 
damage encountered in animals when 
such globins were used. 

The globin prepared by Strumia and 
his co-workers’’:7*:7 was reported by 
them to be satisfactory in the treatment 
of shock from trauma, hemorrhage and 
burns, in the correction of hypoprotein- 
emia and in the treatment of edema in a 
patient with chronic glomerulonephritis. 

Seegal” and his associates found human 
globin anaphylactogenic in the guinea 
pig. They found no reaction following 
human globin infusion in mice and rab- 
bits, but dogs exhibited untoward reac- 
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tions characterized by erythema, urti 
caria, facial edema, dyspnea, hyperperi- 
stalsis, defecation and unsteady gait 
Histologic section showed deposits oj 
globin-like material in the proximal con- 
voluted tubules of mice, rabbits and 
| dog within 2 days after injection which 
were not seen in animals sacrificed 8 days 
after in jection. 

Rhoads and Parkins®® and their co- 
workers confirmed the results of Seegal 
and extended observations to include the 
tolerance of rats to rat globin and dogs 
to dog globin. They concluded that the 
efficacy of human and dog globin in 
treatment of hemorrhage in dogs, and rat 
globin in burn shock in rats showed 
globin to be less effective than saline. 
On the basis of these results observations 
were not extended to human subjects.” 

Hemoglobin. The early attempts at 
preparing a hemoglobin solution free from 
the stromata of erythrocytes resulted in 
an infusion material which elicited un- 
toward reactions when given intraven- 
ously to animals.” 


61 


One of the most 
serious effects, the blockage of renal tubu- 
lar lumina by hemoglobinous pigments, 
was eliminated by improved methods of 
preparation. Pure hemoglobin solutions 
when given intravenously are not at- 
tended by renal tubular changes": if 
there is no preéxisting tubular damage.” 

Solutions of pure hemoglobin carry) 
oxygen and maintain colloidal osmotic 
pressure for periods up to 36 hours after 
which they become ineffective because of 
transformation of hemoglobin to methemo- 
globin and the loss of injected hemoglobin 
through the kidneys.”°“° The erythrocyte 
sedimentation rate is increased after in- 
jection of hemoglobin. A _ hemoclasti: 
crisis is seen soon after injection, and this 
is followed by a leukocytosis in 24 hours 
No casts are found in the kidney, but 
deposits of hemoglobinous pigment can be 
seen in the liver and spleen.” 

Following the injection of pure hemo- 
globin solutions into the circulation of 
dogs there is a rise in blood pressure whicl 
cannot be accounted for on the basis of the 





onco 


tion 
OXY¢ 
infus 
Pi 
char 
for | 
in | 
in a 
visil 
anti 
rept 
tin 
rabl 
the 
on 7 
by 
mal 
is ri 
sple 
incl 
nec 
cil 
i 
tiol 
the 
her 
cor 
is 1 
pre 
vol 
inf 
( 
Mi 











SURGERY 239 


oncotic pressure of the hemoglobin solu- 
tion alone. There is a 100% increase in 
oxygen consumption following hemoglobin 
infusion.>! 

Pectin. Solutions of pectin, a polysac- 
charide, were introduced as a substitute 
for plasma by Hartman and his associates 
in 1941. Intravenous injection of pectin 
in animals and man was followed by no 
visible deleterious effects and it was non- 
antigenic.’ Bryant, Palmer and Joseph‘ 
reported that intravenous infusions of pec- 
tin produced no changes in viscera of 
rabbits and that none was detectable in 
the blood 7 days after injection. Hueper,*° 
on the other hand, refuted these findings 
by demonstrating in both animals and 
man that even partially degraded pectin 
is retained in liver, kidney, bone marrow, 
spleen and arteries. Histologic changes 
included foam cellular formations, hyaline 
necrosis, foreign body giant cells and cal- 
cium incrustations. 

Following the intravenous administra- 
tion of pectin in normal human subjects, 
the sedimentation rate is increased; the 
hematocrit falls more than the hemoglobin 
concentrations; the albumin-globulin ratio 
is unaffected and the arterial and venous 
pressure is slightly increased.“* Plasma 
volume increases persist 4 hours after 
infusion. 

On the basis of animal experiments, 
Middleton and Wiggers believed that the 


usefulness of pectin was limited to the 
early period of posthemorrhagice hypoten- 
sion. They found no correlation between 
hemodilution and favorable response which 
suggested a possible deleterious influence 
when used after severe hemorrhage.*’ 

As a substitute for plasma, pectin was 
found to be inferior. to serum,'* less safe 
than gelatin,® and no better than saline 
in posthemorrhagic prolonged hypoten- 
sion. 

Methyl Cellulose. Like polyvinal alco- 
hol, methyl] cellulose has not enjoyed wide 
use as a plasma substitute. The material 
that has been given trial is a methyl ether 
of cellulose and consists of long chains of 
dextrose molecules with a characteristic 
high viscosity and a molecular weight of 
about 50,000. It is effective in shock in 
animals and is non-antigenie but exhibits 
the phenomenon of excessive storage in 
the viscera.?*! 

Summary. Of the plasma substitutes 
studied extensively during the recent war 
years only human serum albumin and 
gelatin solutions seem to be both safe 
and effective on the basis of reports avail- 
able at this time. Human serum albumin 
derived from plasma itself, is not, strictly 
speaking, a substitute. Gelatin, in addi- 
tion to being safe and effective, is also 
cheap, and when fortfieid with amino acids 
or protein hydrolysates is a readily avail- 
able source of parenteral protein. 
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THE concept of the mechanism of pro- 
duction of exophthalmos, with particular 
reference to thyroid disorders, has not vet 
reached the stage of universal agreement. 
There have, however, been significant 
changes and developments in the past few 
years and this seems an opportune time 
to review these changes. Three impor- 
tant articles have been published in the 
past 2 years which endeavor to correlate 
our present knowledge, both clinical and 
experimental, of the production of exoph- 
thalmos. There are 2 groups of cases 
which present different clinical features 
but which, with advancement of our 
knowledge, seem to have a single etiologic 
basis. In the average case of so-called 
exophthalmic goiter the eve changes are 
not of particular moment or concern. 
Much of the change in appearance and 
of the subjective ocular symptoms is the 
result of retraction of the lids rather than 
actual protrusion of the globe. This is 
true particularly in individuals with other 
manifestations of definite hyperthyroid- 
ism. However, in certain other individuals 
with thyroid disease, exophthalmos devel- 
ops progressively which may lead to ex- 
treme protrusion of the globe, chemosis of 
the conjunctiva, inability to close the 
lids, resultant exposure-ulceration of the 
cornea, and at times loss of the eye. 
These cases occur in individuals with both 
hyper- and hypothyroidism, the extremes 
ranging from severe thyrotoxicosis to frank 


myxedema. This latter group of cases 


with exophthalmos has had a variety of 
terms applied to it: among the most com- 
monly used are malignant exophthalmos, 
progressive exophthalmos, exophthalmic 
ophthalmoplegia, postoperative ' progres- 
sive exophthalmos, special ophthalmo- 
pathic type of Graves’ disease, and thy- 
rotropic exophthalmos. The reasons for 
placing this group apart from simple ex- 
ophthalmic goiter are many. There is a 
different age and sex relationship, a dif- 
ference in response to treatment and dif- 
ferent findings in the orbit. Exophthalmic 
goiter affects young adults chiefly and is 
more common in women than in men. 
Progressive exophthalmos affects middle 
aged adults and men are more common 
in this group than women according to 
reports by Mulvany.® The urine of pa- 
tients with ordinary exophthalmic goiter 
shows little or no thyrotropic activity 
while that of patients with progressive ex- 
ophthalmos contains an excessive amount 
of thyrotropic substance. In general, the 
proptosis and lid retraction of exophthal- 
mic goiter recedes following thyroidec- 
tomy, although an immediate postopera- 
tive increase has been noted by Dobyns* 
and others. Thyroidectomy usually has 
the opposite effect on progressive exoph- 
thalmos, increasing the proptosis and often 
leading to acute embarrassment of orbital 
circulation, ocular motility, and even of 
vision itself. 

There has been a tendency in the past 
to consider that 2 different mechanisms 
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are involved in the production of these 2 


apparently different types of exophthal- 
mos. From recent clinical and experimen- 
tal investigations, however, it would ap- 
pear more logical to assume that the ex- 
ophthalmos does not differ fundamentally 
in type but only in course and degree, and 
that this difference in course and degree 
depends upon the presence or absence of 
& compensatory mechanism for the con- 
trol of the production of an exophthalmos 
It seems likely 
that the pituitary produces the substance 


stimulating substance. 


that is responsible for exophthalmos and 
that the substance for its control is elabo- 
rated in the thyroid. Originally it was 
thought that both the retraction of the 
lids and the proptosis might be explained 
on the basis of sympathetic stimulation 
brought about by excess secretion of 
thyroxin. Sympathetic stimulation causes 
exophthalmos in certain animals, but this 
mechanism is undoubtedly not active in 
man. Increased sympathetic tone may 
well account for lid retraction alone; but, 


0 exophthalmos can- 


as shown by Pochin, 
not be produced in man by sympathetic 
stimulation. It has been known for many 
years that extracts of the anterior pitu- 
itary, containing thyroid stimulating hor- 
mone, cause exophthalmos. According to 
Means,’ this was first demonstrated by 
Schockaert in 1931 and has been amply 
confirmed and elaborated upon. Pituit- 
ary extracts generally produce an initial 
rise in metabolism accompanied by ex- 
ophthalmos. This exophthalmos is en- 
hanced by thyroidectomy, but animal ex- 
perimenters have never produced exoph- 
thalmos which is exactly comparable to 
the severe progressive type seen in man. 

Long continued exophthalmos produced 
in animals by pituitary extracts is reported 
to lead to permanent changes in the extra- 
ocular muscles according to Aird.'!| Other 
factors are also of importance in experi- 
Marine _ believes 
that the gonads seem to play a réle, for 
castration lessens the exophthalmos pro- 


mental exophthalmos. 


duced by thyrotropic hormone in certain 
animals and testosterone brings it back. 


Recent work by Dobyns* has shown that 
thyroidectomy alone causes an increased 
prominence of the eyes of guinea pigs. 
Smelser demonstrated that the exoph- 
thalmos produced by thyrotropic hormone 
in thyroidectomized guinea pigs seems to 
be due chiefly to an increased water con- 
tent of orbital fat and extra-ocular mus- 
cles and that this same change is not 
noted in muscle or fat of other parts of 
the body. Neither thyroidectomy alone 
nor thyrotropic hormone produced this 
result. Rundle and Pochin" found marked 
increase of the fat content of the extras 
ocular muscles in human exophthalmo- 
associated with Graves’ disease. These 
experimental studies would seem to indi- 
cate that the pituitary thyrotropic hor- 
mone is the agent responsible for the pro- 
duction of exophthalmos. The réle that 
the thyroid plays as a controlling factor 
in the production of this hormone seems 
also to have been shown. From the clini- 
cal standpoint the recent works of Means’ 
and Mann’ would seem to substantiate 
these conclusions while the work of Mul- 
vany® seems opposed at least in part. 
Mulvany, along with others, believes 
that the exophthalmos in exophthalmic 
goiter is due to an overactive sympathetic 
nervous system. He explains retraction 
of the lids as due to stimulation of Miiller’s 
tarsal muscle and exophthalmos as due to 
the combined pull of Miiller’s and Land- 
strém’s muscles opposed by weakened 
Mulvany states 
that these 2 sets of unstriated muscles 
exert a direct and an indirect pull on the 
globe, and that the weakness of the volun- 
tary extra-ocular muscles is due partly 
to thyrotoxic myasthenia and partly to 
atonia caused by local neuromuscular de- 


extra-ocular muscles. 


generation. That sympathetic overactiv- 
ity is the rule in hyperthyroidism cannot 
be doubted, but it seems that undue 
emphasis is placed upon the very small 
essentially vestigial unstriated muscles in 
the orbit as they exist in man. In pro- 
gressive exophthalmos, Mulvany® states 
that retraction of the lids is due to en- 
largement of the levator muscle and that 
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exophthalmos is the result of an increase 
of the orbital contents. This author de- 
scribes different microscopic findings in 
the 2 varieties of exophthalmos. In cases 
of exophthalmic goiter of the usual type 
he finds widespread neuromuscular degen- 
eration, occasional infiltration of round 
cells, fat infiltration, and some fibrous 
replacement in the disintegrating muscle 
and nerve cells. In malignant exophthal- 
mos he finds enlargement of the muscles, 
fibrosis which is often widespread through 
the muscles, edema, degeneration, and 
round cell infiltration. This author em- 
phasizes the contrast between the 2 proc- 
esses but, as Mann states, it seems possible 
that one could be an early and the other 
a late and more extensive phase of the 
same pathologic process. 

In contrast to the hypothesis advanced 
by Mulvany, Means,’ and Mann? believe 
that probably these 2 types of exophthal- 
mos have a single basis. This basis is the 
production of excessive amounts of thy- 
roid stimulating hormone by the pituitary 
perhaps initiated, as Means states, by ner- 
vous stimulation through the hypothala- 
mus. On this basis, this excessive secre- 
tion of thyrotropic hormone by the pitu- 
itary causes the normal thyroid to respond 
with hypertrophy and excessive secretion 
of thyroid hormone and initiates the pro- 
duction of exophthalmos. Along with 
these changes there is present a certain 
degree of sympathetic hypertonia and of 
myasthenia, perhaps on the basis of con- 
comitant alterations in the adrenal and 
thymus or perhaps due to the excessive 
thyroxine alone. The excessive thyroid 
hormone, besides stimulating metabolism, 
acts as an inhibiting mechanism on the 
pituitary causing lessened production of 
thyrotropic hormone. Thus the exoph- 
thalmos does not become excessive because 
the thyrotropic hormone, although pro- 
duced in a supernormal amount, is con- 
trolled by a regulatory mechanism. The 
degree of exophthalmos present may vary 
from moderately severe in some cases to 
none in others; the latter cases exhibiting 
only lid retraction and perhaps some weak- 





ness of the ocular muscles. An intract- 
able progressive type never results. In 
the case of progressive exophthalmos the 
excessive amount of thyrotropic hormone 
is produced as before; but, instead of 
stimulating normal thyroid tissue, for 
some unknown reason the thyroid in these 
cases seems unable to respond normally 
with the production of large amounts of 
thyroid hormone. Uninhibited by exces- 
sive hormone from the thyroid the pitu- 
itary goes on to secrete still more thyro- 
tropic hormone. The exophthalmos con- 
tinues to increase and when the process 
is of long enough duration and sufficiently 
severe, the pathologic changes present in 
the ocular muscles become irreversible. 
There are obviously a number of supposi- 
tions in this hypothesis. Just where the 
abnormality is present in the usually self- 
regulatory mechanism is open to question, 
but some recent works with thiourea 
derivatives may give a clue. Thiouracil 
apparently exerts its action by interfering 
with the production of thyroid hormone 
by the thyroid gland, and the resulting 
deficiency of thyroid hormone directly or 
indirectly stimulates the anterior lobe of 
the pituitary. The increased secretion of 
thyroid stimulating hormone by the ante- 
rior lobe induces thyroid hyperplasia.‘ 
Means states that hyperplasia of the 
thyroid may be obtained in rats by treat- 
ment with sulfathiazole and exophthalmos 
results which persist after death. In man, 
sulfocyanate therapy may cause hyper- 
plasia of the thyroid with hypofunction 
and the same author states that exophthal- 
mos may occur. The following is a quota- 
tion from Means relative to the production 
of exophthalmos in these cases: “It is 
not clear precisely where such agents im- 
pinge upon the pituitary-thyroid axis, but 
the weight of evidence is that it is on the 
thyroid directly, imposing some obstruc- 
tion to the completion of the elaboration 
of thyroid hormone. The organism thus 
becomes hypothyroid, which serves as a 
stimulus to the pituitary to increase its 
output of thyrotropic hormone, which, in 
turn, causes the thyroid to become hyper- 





plastic and the eyes to become protruded. 
The hyperplasia of the thyroid, however, 
is ineffective because the obstruction to 
completion of thyroid hormone persists.” 
[t may be that such an obstruction to thy- 
roid hormone production exists in all cases 
of progressive exophthalmos, the degree 
of obstruction determining the degree of 
hypo- or hyperthyroidism present. 

In Mann’s recent work she has presented 
a series of case reports in an attempt to 
disentangle the parts played by the thy- 
roid and pituitary, respectively, in indi- 
vidual patients. The cases are divided 
into 3 groups on the basis of their most 
prominent symptoms. The first group 
contains patients who show primarily a 
deficiency of thyroid hormone with a com- 
pensatory excess of thyrotropic hormone. 
In the second group the cases show a 
primary excess of thyroid hormone, which, 
later, as the result of thyroid atrophy or 
removal is replaced by excess thyrotropic 
hormone. The third group shows symp- 
toms of excess thyroid hormone and excess 
thyrotropic hormone arising simultane- 
ously. On the basis of this study Mann 
concludes that the signs of excess thyroid 
secretion include loss of weight, rapid 
pulse, raised B.M.R., moist skin, lid re- 
traction, and lid lag. Excess thyrotropic 
hormone leads to symptoms consisting of 
orbital muscle, lid, and conjunctival edema 
and infiltration which results in proptosis, 
ophthalmoplegia and fundus changes. Lid 
edema, chemosis and eversion of the con- 
junctiva are also the result of the orbital 
edema. All of these latter changes may 
or may not be associated with a deficiency 
of thyroid hormone. If this is present, it 
will show itself as low B.M.R., a gain in 
weight, thick coarse skin and slow pulse. 

Agreement is by no means reached as 
to treatment of these obstinate cases of 
exophthalmos. The management of these 
cases of progressive exophthalmos taxes 
the ophthalmologists resources to the ut- 
most and any advance in therapy is eagerly 
sought after. Attempts to treat the con- 
dition from an etiologic standpoint are 
still in their infancy and reports are insuffi- 
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cient to evaluate their true position at the 
present time. Thyroid hormones in large 
doses has been used with fair success, the 
beneficial results supposedly coming from 
inhibition of pituitary secretion. In the 
article by Mann thyroid therapy and 
surgical procedures designed to close the 
lids were used in these cases which did not 
exhibit marked hyperthyroidism. The 
end-result in these cases was exceptionally 
gratifying. Attacking the problem of re- 
ducing the pituitary secretion, Brain® has 
used ovarian follicular hormone in large 
doses with good success. He gives 50,000 
units of progynon B every 5th day to 
both sexes and states that “exophthalmos 
usually diminishes.” He reports that 1 
early case of exophthalmic ophthalmo- 
plegia made a complete recovery under 
this treatment. Direct irradiation to the 
pituitary in order to reduce its secretion 
has been tried by several investigators, 
including those at the Mayo Clinic, with 
rather disappointing results. We have at- 
tempted treatment with thyroid hormone 
and iodine combined in an effort to main- 
tain the basal metabolism at a normal 
level. Results somewhat less striking than 
those shown by Mann have been obtained. 
Agreement, however, is almost universal 
concerning one point in the treatment of 
these cases and this point is the inadvisa- 
bility of performing thyroidectomy. The 
group of cases presenting early symptoms 
of progressive exophthalmos must be 
weeded out of routine hyperthyroid pa- 
tients if disastrous results are to be 
avoided. This point is especially stressed 
by Salter and Soley,’ and by Mearis. The 
former authors recommend Roentgen ray 
therapy to the thyroid if symptoms of 
hyperthyroidism are prominent and if the 
condition of the patient demands treat- 
ment along this line. Thiouracil and 
radioactive iodine have also been advo- 
ated in treating this group of patients. 
Many authors advise decompression op- 
erations on the orbit in the severe cases 
of exophthalmos especially when the vision 
is at stake. The Naffziger operation is 
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the one most frequently employed but it 
cannot be undertaken lightly for the opera- 
tion still remains a somewhat formidable 
procedure. Recently an alternative opera- 
tion has been advocated by Schall and 
Reagan who. perform a radical external 
ethmoidectomy. They believe that this 
operation should be carried out more fre- 
quently and observed, in their cases, a 
reduction of exophthalmos of 3mm. They 
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state that, opposed to the Naffziger pro- 
cedure, their operation is less formidable, 
produces a less disfiguring scar, creates 
an actual rather than a potential space, 
and does not result in a pulsating globe. 
Decompression operations of these types 
usually are not advocated until it has 
become obvious that the exophthalmos 
is progressing to a dangerous point in 
spite of adequate medical management. 
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A New Concept of Competitive Inhibi- 
tion of the Renal Tubular Excretion of 
Penicillin. Kart H. Beyer, Pu.D., 
M.D., Horace F. Russo, B.S., Exiza- 
BETH A. Patcu, B.S., and A. KaTHRINE 
Mitier, Pu.D. (Depts. of Pharmacol. 
and Bact., Med. Res. Div., Sharp & 
Dohme, Glenolden, Pa.). It has been 
established that penicillin is excreted 
both by the renal tubules and by glo- 
merular filtration. The renal clearance 
of penicillin is normally about 5 times 
glomerular filtration rate. 

The tubular transport mechanism for 
penicillin, p-aminohippurate (PAH) and 
Diodrast excretion is functionally the 
same. It has been reported that on a 
mass action basis one could competitively 
inhibit the tubular excretion of penicillin 
by saturating with PAH at high blood 
levels the functional capacity of the 
mechanism. 

Caronamide, 4’ - carboxy - phenylme - 
thanesulfonanilide,* effects a substantital 
physiologic economy of penicillin on an 
essentially different basis. It appears 
that the mode of action of this agent is 
to halt the transport mechanism respon- 
sible for the tubular excretion of penicil- 
lin and PAH. 

Certain of the pharmacologic charac- 
teristics of caronamide are: (1) It is 
rapidly absorbed when administered or- 
ally, and may be given by this route to 
inhibit the tubular excretion of penicillin 
administered orally or parenterally. (2) 
Its renal elimination is limited essen- 
tially to glomerular filtration. (3) Its 
action is to inhibit the excretory trans- 
port mechanism per se for the tubular 
excretion of penicillins F, G, K and X, 
and PAH. (4) The effect of the agent 


* Sharp & Dohme has applied its trademark ‘“‘ Retentin’’ to this compound. 


appears to be limited to a functionall) 
single transport mechanism, for caron- 
amide does not influence the Tm of glu 
cose or arginine, the clearance of creati- 
nine, urea, sulfadiazine, sulfathiazole, o1 
the kidney volume of dogs at blood levels 
sufficient to suppress completely the 
(5) The 
compound has a low order of acute and 


tubular excretion of penicillin. 


chronic toxicity. 
The efficacy and safety of caronamic 
have been substantiated clinically. 


The Hyperpnea Produced in Normal 
Man by Maximal Voluntary Hyperventi- 
lation, by Inhalation of CO. and by Severe 
Muscular Exercise. J. H. Comror, Jr., 
M.D., and Rosert D. Driprs, M.D 
(Depts. of Pharmacol., Surg. Res., Anes- 
thesiol., Med. Sch.; Physiol. and Pharma- 
col., Grad. Sch. Med., Univ. of Penna. 
These experiments were designed to meas- 
ure and compare (a) the maximal minute 
volume of respiration of which man is 
capable by voluntary effort (the maximal 
breathing capacity), (b) the maximal 
minute volume produced by CO, inhala- 
tion, and (c) that produced by severe 
muscular exercise in normal physically 
fit young men. The results of these ex- 
periments are shown in Table |. 

So far as the CQ. inhalations are con- 
cerned the data show marked individual 
variations from subject to subject which 
is presumably due to differences in sen- 
sitivity of the medullary respirator) 
centers. Inhalation of 10.4% CQ, pro- 
duced maximal ventilation which was 
only 46% of the subjects’ total breathing 

It is probable that CO, in- 
might have led to. greater 


capacity. 
halation 
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iyperpneas if certain inhibitory factors 
were not acting. These factors include 
inhibition of respiration (a) arising from 
the pressure receptors of the carotid sinus 
and aortic arch in response to the hyper- 
tension produced concomitantly and (b) 
due to narcosis of the centers by a direct 
depressant effect of high concentrations 
of CO. (of the 31 subjects breathing 
10.4% COs, the following symptoms sug- 
gestive of central nervous system depres- 
sion occurred: dizziness in 13, faintness 
in 7, unconsciousness in 3, symptoms 
resembling induction of anesthesia with 
nitrous oxide in 2, and analgesia in 1). 


Sarcoidosis, and Carcinoma. ['LORENCE 
B. SerBert, Pu.D., Maser V. SEIBERT, 
A. Jane Atno, A.B., and Harotp W. 
CaMPBELL, M.D. (Henry Phipps Inst., 
Univ. of Penna.). Electrophoretic analy- 
ses of sera, combined with chemical 
analyses for polysaccharide, can be help- 
ful in the differential diagnosis of tuber- 
culosis, sarcoidosis and carcinoma. Cases 
of tuberculosis were carefully selected in 
the clinic according to. their stage of the 
disease. The carcinoma cases included 
lesions of many different organs, and 4 
of the sarcoidosis series were verified by 


study of biopsy material. At least 20 


TABLE 1 
Maximum Maximum Std. 
Procedure Subjects average range dev. % 
Maximal breathing capacity 19 166 132-198 20.3 100 
CO2 7.6% 42 52 24-102 18.4 31 
CO:z 10.4% 31 76 40-130 24.5 46 
Muscular exercise 19 110 sO-140 18.3 66 


Muscular exercise produced more hy- 
perpnea in 18 of 19 subjects than did 
inhalation of COQ.. The small changes 
in arterial COQ, tension occurring in mus- 
cular exercise cannot account for the 
marked hyperpnea of muscular exercise. 

The minute volumes at which dyspnea 
occurred in subjects breathing CO, were 
In the group that experienced no 
lvspnea, maximal minute volumes rang- 
ed from 24 to 114 liters per minute (aver- 
age 60); in those who experienced mild 
to moderate dyspnea, the minute vol- 
umes were 29 to 110 (63) and in those 
who noted marked dyspnea, the minute 
volumes were 50 to 130 (87). This em- 
phasizes the fact that dyspnea is a sub- 
jective phenomenon not necessarily re- 
lated to the volume of respiration. Some 
subjects did not notice hyperpnea in 
themselves until ventilation reached 30 
to 40 liters per minute. It is therefore 
often desirable to measure both rate and 
minute volume of respiration in certain 
clinical cases. 


noted. 


Variation in Protein and Polysacchar- 
ide Content of Sera in Tuberculosis, 


cases of each type of disease were studied 
and the following conclusions were based 
upon the statistical analysis of the results. 

Significant changes occurred in certain 
of the constituents of the blood, which 
appeared characteristic for the different 
diseases or different stages of disease. 
Some of the most conspicuous of these 
changes were the following: A rise in the 
gamma globulin occurred in the serum 
in minimal active tuberculosis, with a 
corresponding decrease in albumin. In 
moderately advanced disease the a@ glob- 
ulin and polysaccharide content also in- 
creased. These changes were still further 
emphasized in far-advanced tuberculosis 
and the other globulins were also in- 
creased. No deviation from the normal 
occurred in minimal tuberculosis of ques- 
tionable clinical significance. Moderately 
advanced tuberculosis of questionable 
clinical significance showed only a de- 
crease in albumin, indicating that it was 
the last component to return to normal. 
Sera from cases of sarcoidosis showed 
an increase in total protein, a proportion- 
ate large increase in gamma globulin and 
only a moderate increase in polysaccha- 















ride content. In carcinoma there was a 
decrease in total protein, a large increase 
in a globulin and beta globulin and poly- 
saccharide content. 

It is suggested that the increase in 
gamma globulin in minimal tuberculosis 
may indicate antibody formation, where- 
as the rise in a globulin and simultaneous 
rise in polysaccharide in advanced tuber- 
culosis and carcinoma may represent 
tissue destruction. 


The Non-participation of 1(+-) Citrul- 
line as an Intermediate in the Synthesis 
of Urea by Rat Liver Slices. Joun H. 
NoprnE and Joun M. Bucuanan, Pu.D. 
(Dept. of Physiol. Chemistry, Univ. of 
Penna.). Since Krebs and Henseleit 
(Ztschr. f. physiol. Chem., 210, 33, 1932) 
postulated the “‘ornithine cycle” as the 
main metabolic pathway of urea forma- 
tion, numerous investigations have been 
undertaken to substantiate or disprove 
this hypothesis. The purpose of this 
present study is to test the hypothesis 
directly using isotopes. Rat liver slices 
were incubated in a medium containing 
isotopic bicarbonate (C'*) buffer, NH,Cl, 
dl-ornithine and other ionic constituents 
as described by Krebs, both in the pres- 
ence and absence of large amounts of 
1(+) citrulline. The urea synthesized 
contained 2.08 and 2.19 atoms % excess 
C® with and without citrulline respec- 
tively. The citrulline isolated at the end 
of the reaction showed no excess C™. 
Evidence for adequate mixing of intra- 
and extracellular citrulline was presented 
by Krebs and others who showed an 
acceleration of urea formation (an intra- 
cellular process) upon the addition of 
citrulline to a medium similar to ours, 
and Gornall and Hunter (./. Biol. Chem., 
147, 593, 1943), who showed that citrul- 
line accumulates in a medium containing 
liver slices and ornithine, the former 
showing diffusion into the cell, the latter 
showing diffusion out of the cell. It was 
thus concluded that 1(+) citrulline is 
not a major intermediate in the synthesis 
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of urea from CO». and NHg, in rat live: 
slices under the conditions of our experi 
ments. Calculations from the C™ con 
centration of the medium showed that 
90 to. 100% of the carbon of the ures 
formed was derived from the CO, of the 
medium. Thus the added citrulline was 
not converted to urea to any significant 
extent under the conditions of our ex- 
periments. <A 3-fold acceleration of urea 
formation was noted upon addition of 
the citrulline to the reaction mixture 
It was concluded that under the condi- 
tions of our experiments urea was not 
synthesized by the “ 
presently postulated. 


ornithine cycle” as 


The Effect of Inhalation of High and of 
Low Oxygen Concentration Upon Human 
Respiration and Circulation. Rosert D. 
Dripps, M.D., and Juttus H. Comror, 
Jr., M.D. (Depts. of Pharmacol., Surg. 
Res., Anesthesiol., Med. Sch.; Physiol. 
and Pharmacol., Grad. Sch. Med., Univ. 
of Penna.). Sixty-eight normal human 
subjects were permitted to breathe some 
of the following: 100% oxygen, 20.9, 
18, 16 or 14.5% oxygen in nitrogen. 
Pulse rate and respiratory minute volume 
were recorded. In 28 of 33 subjects 
studied during the change from room air 
to 100% oxygen, a small immediate de- 
crease in respiratory minute volume or 
pulse rate was observed. Average respi- 
ratory minute volume was depressed 
3.2% and pulse rate 3.7% during the 
first 2 minutes of 100% oxygen inhala- 
tion. Statistical analyses of these data 
revealed a likelihood that the respirator) 
changes might have occurred by chance in 
1 of 15 instances, a figure below the 
in 20 normally regarded as significant in 
medical statistics. The possibility of 
the pulse rate changes occurring b) 
chance was less than 1 in 1000, a highl) 
significant observation. 

If this change can be attributed wholl) 
to a functional denervation of oxygen- 
sensitive receptors in the carotid and 
aortic bodies, these data suggest tha‘ 
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some chemoreceptors are tonically active 
at the oxygen tension present in the 
arterial blood of many normal men 
breathing room air at sea level. The 
small degree of the changes indicated 
that they are only minimally active. 
Fourteen subjects breathed 18% oxy- 
gen and 21 breathed 16% oxygen after 
control data on expiratory minute volume 
and pulse rate had been obtained with 
room air. An increase in pulse rate was 


a more sensitive index of anoxemia than 
was an increase in respiratory minute 
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volume. Of the subjects, 79% showed 
an increase in pulse rate with 18% oxy- 
gen, and only 36% showed increased 
ventilation (5% increases above control 
values). 

Our data indicate that the human cir- 
culatory system is usually stimulated by 
reducing the inspired oxygen percentage 
from 20.9 to 18, but respiration is stimu- 
lated in only a few individuals breathing 
18 or 17% oxygen and is not increased 
in the majority until 16% oxygen is 
inhaled. 








NUTRHITION AND CHEMICAL GROWTH IN 
CurtpHoop. Vol. II. Original Data. By 
Icte G. Macy, Pu.D., Sc.D., Director of 
the Research Laboratory, Children’s Fund 
of Michigan. With a Supplement by 
Jutia O. Hotes, Px.D. Index to Vols. 
I and II. Pp. 1044; 1081 ills. and figs. 
Springfield, Ill.: Thomas, 1945. Price, 
$10.00. 

Four years ago Dr. Macy and his asso- 
ciates presented Vol. I of Nutrition and 
Chemical Growth in Childhood, in which 
were stated the conditions under which the 
10 year study was conducted, the methods 
employed to secure the samples and data 
and their statistical treatment. 

Vol. II, titled “Original Data,” may be 
divided into 3 parts: the data obtained by 
the Research Laboratory of the Children’s 
Fund of Michigan, similar d&ta obtained by 
Dr. Julia Holmes (formerly associated with 
Dr. Macy) at The Department of Home 
Economies of the University of Illinois on 
pre-school children, and comparative data 
on certain abnormal cases studied by the 
Michigan group by their research methods 
which were referred by the Children’s 
Hospital. 

Within the confines of a necessarily brief 
review it is impossible to analyze and evalu- 
ate the mass of data here presented. Inac- 
curacies and incongruities will be pointed 
out by future workers in these fields. Cer- 
tainly very few typographic or gross errors 
are apparent. 

The original material consists of thousands 
of data obtained in the course of studying 
serially a number of normal children living 
at the Methodist Village. These data are 
concerned with the foods ingested, and 
analyses of urine and feces. For each child 
at each period of observation there are also 
records of physical examination, psychologic 
and endocrine estimations, anthropometric 
measurements, basal metabolism, activity, 
laxation rates, emotional reactions, blood 
studies and dental conditions, ete., which 
are correlated with the balance studies. 
Even the climatologie conditions have been 
recorded. 

One feature of these observations which 
when assembled would comprise a valuable 
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monograph is the presentation of serial 
growth roentgenograms of the bones, thi 
teeth and the gastro-intestinal tract follow- 
ing the use of various test meals. Thi 
reproductions of these films are amazingly 
clear. 

If one could point to any aspect which is 
below the average in value and excellence 
this Reviewer would suggest that the psy 
chologie and so-called endocrine studies add 
little to the mosaic and are not of equal 
value. 

About 60 pages are devoted to the studies 
of Dr. Holmes and the Illinois group or 
5 girls who were studied for 32 consecutive 
weeks, and on 7 boys studied for 72 weeks 
Nitrogen, phosphorus and calcium balances 
related to growth and skeletal structure wer 
the special objects of these studies. 

A prominent feature of the “Original 
Studies,’ expanded in the Addenda is the 
assemblage of data on the blood in healt! 
and disease. 

In the course of Dr. Macy’s work, certai 
disease conditions well suited for study by 
the methods used were admitted to the 
Children’s Hospital. These cases are also 
presented in the Addenda and include Osteo- 
psathyrosis, ununited fracture, lipemia and 
epilepsy. 

The material in this volume should prove 
authoritative and valuable for workers i 
growth or nutrition as well as chemistry) 
They should supplant data which have bee! 
obtained from animals. The data would 
seem to be especially timely in view of the 
nutritional conditions which exist and must 
be corrected in a scientific way in the war- 
torn countries of Europe and Asia. Expected 
results of food relief can be based on and 
compared with the work of Dr. Macy. 

E. T 


PREVENTIVE MEDICINE AND PuBLIc HEALTH 
By Witson G. Smivurz, M.D., Professo 
of Public Health and Preventive Medici: 
Cornell University Medical College. Pp. 
607; 41 ills. New York: Macmillan, 1945 
Price, $6.00. 


Tuts volume is written from the point 
view that preventive medicine is an esseii- 
Care- 


tial part of the practice of medicine. 
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ful examination of the text reveals the clear, 
concise and comprehensive manner in which 
the author has fulfilled this aim. 

Teachers, students and physicians who 
have been in the habit of going to this 
author’s volume ‘“ Publie Health Adminis- 
tration in the United States” for general 
information in the field, and especially to 
find a terse, satisfying, opinion upon con- 
troversial matters, will find the same de- 
pendable quality here. 

In his Preface the author admits that “the 
whole broad field of the social aspects of 
medical care has been presented most inade- 
quately.”” This apparent modesty must not 
be misunderstood; it is actually a result of 
his exhaustive and persistent literary and 
personal research undertaken to find practi- 
cal and intelligent solutions for matters 
which “are still a fluid concept that is not 
ready for presentation in textual form.” 
Nevertheless, the chapter on “‘ Adequacy of 
\edical Care”’ is a superior production. 

The text is dedicated to Lemuel Shattuck, 
a Boston bookseller whose studies in vital 
statistics of New England aroused his con- 
cern for public health and preventive medi- 
cine. His report, published in 1850, became 
a foundation stone upon which even our 
current programs might>well be built. Each 
section of this volume is introduced by a 
remarkably modern quotation from Shat- 
tuck’s report. 

The book is an attractive one both in 
appearance and in diction. It can be recom- 
mended as a dependable guide for the physi- 
cian, the student and the public health 
official. A. H. 


SYNOPSIS OF NEUROPSYCHIATRY. By LOWELL 
S. SELLING, Sc.M., M.D., Pu.D., Dr.P.H., 
Director, Psychopathic Clinic, Recorder’s 
Court, Detroit, Mich.; Associate Attend- 
ng Neuropsychiatrist, Eloise Hospital; 
\djunect Attending Neuropsychiatrist, 
farper Hospital. Pp.500. St. Louis: 
Mosby, 1944. Price, $5.00. 

(‘HE new book shelves of our medical 
libraries have been carrying an ever increas- 
ing number of volumes with such titles as 
psychiatry, neuropsychiatry, physiologic 
psychology, medical psychiatry, mental dis- 
orders, mental hygiene, psychopathic per- 
sonality, psychosomatic medicine, etc. 

Vhile one would hardly question an 


author’s rationale in limiting the field of 
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discussion under his particular title, there 
is little doubt that each author does differ 
in his own conception to a degree that gives 
rise to a great variety of meanings and inter- 
pretations based on his own training and 
experience. This trend has led to enough 
confusion in this field to excite comment at 
the Centennial Meeting of American Psy- 
chiatric Association in Philadelphia. A 
member arose and asked for the formation of 
a committee to establish definition of terms 
that would find greater agreement amongst 
a wider variety of workers in the field. While 
small active groups in confined areas may 
understand each other, the less active (in 
research) and more remote by location have 
found great difficulty in understanding the 
newer connotations of the language. Noth- 
ing apparently came of the proposal. 

While reviewing the “Synopsis” it oc- 
curred to the Reviewer that here was a book 
that can, more or less, do what the “Un- 
formed Committee”’ may have accomplished. 

The “Synopsis” provides a means of at- 
taching oneself to the basic concepts with 
which newer ones can be compared or asso- 
ciated. The elements of neuroanatomy and 
neuropathology described serve as a basis of 
understanding the organic neurologic syn- 
drome discussed. An extensive review of 
psychopathology, abnormal psychology and 
psychoanalysis presents a fine background 
for functional disorders. . 

The book is divided into 2 parts: Neurol- 
ogy, 10 chapters, with a total of 296 pages, 
and Mental Disorders, 15 chapters, totaling 
177 pages. The classification of personali- 
ties is given a modern touch in describing 
such personalities as “Caspar Milquetoast,” 
“wolves,” “fairies’”’ and “screwballs.” 

J. 8. 


Synopsis oF PuysioLoGy. By Ro.uanp J. 
Main, Pu.D., Professor of Physiology, 


Medical College of Virginia. Pp. 341; 
21 ills. St. Louis: Mosby, 1946. Price, 
$3.50. 


Tuis small book aims to be a text for 
review purposes for students with some 
knowledge of physiology and of medicine. 
The book covers a wide field in an extremely 
brief form and is clearly expressed. There 
are relatively few figures but these are very 
clear diagrammatic presentations of mate- 
rial. The book is likely to have a consider- 
able use by students who want to revise for 





examinations. In this respect it will be 
very useful. 

Apparently clinicians also request “a little 
book which hits the high spots.””’ The Re- 
viewer believes that such use would be a 
retrograde step in education. Knowledge 
should be used and be integrated into ever 
more comprehensive patterns. It is the 
thinking about interrelated facts that is 
important rather than the memorizing of 
such facts. The author has unquestionably 
thought considerably, but the brief state- 
ment does not encourage the reader to go 
beyond the author and to utilize his own 
imagination. Consequently the Reviewer 
finds himself diametrically opposed to the 
principle of such a book for use of medical 
graduates. H. B. 


DIAGNOSIS AND TREATMENT OF PULMONARY 
TupercuLosis. By Moses J. Stone, 
M.D., Assistant Professor in Medicine, 
Boston University School of Medicine; 
Instructor in Medicine, Tufts Medical 
School; Physician-in-Chief, Chest Clinics, 
Beth Israel and Massachusetts Memorial 
Hospitals; and Paut Dvurautt, M.D., 
F.A.C.P., Superintendent of the Rutland 
State Sanatorium, Rutland, Mass. First 
2 editions by Hawes and Stone. Pp. 325; 
93 engravings. Philadelphia: Lea & 
Febiger, 1946. Price, $3.50. 

Because of the decreasing number of phy- 
sicians and students interested in prolonged 
training in tuberculosis, there is need for a 
concise, comprehensive text on basic con- 
cepts and treatment of pulmonary tuber- 
culosis. The authors of this book have pro- 
duced an easily read and lucid guide in 
diagnosis and treatment. It is to be recom- 
mended to medical students and general 
practitioners as an elementary treatise in 
phthisiology. For those interested in broader 
training in this field a supplemental list of 
suggested reading is appended at the conclu- 
sion of each chapter. 

Certain improvements could be made in 
the section on specific therapy. A treatise 
on this subject in 1946 might well include at 
least brief mention of streptomycin. In dis- 
cussing the treatment of laryngeal tubercu- 
losis, where so little can be offered the 
patient, the promising results of sulfa drug 
and penicillin insufflation should be noted. 
The sections on collapse therapy should 
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have discussed pneumoperitoneum as a! 
adjunct in therapy and not merely as 
possible complication of artificial pneumo 
thorax. 

The arrangement of the chapters is good 
and the authors have accomplished thei 
object in commendably short space. 

S. S. 
THE BIOLOGY OF SCHIZOPHRENIA. By R. G 

Hoskins, Pu.D., M.D., Director of Re- 

search, Memorial Foundation for Neuro- 

Endocrine Research, Harvard Medical 

School and Worcester State Hospital 

Pp. 191. New York: Norton, 1946. 

Price, $2.75. 

In reference to the vast amount of human 
distress and of the unproductive expense 
resulting from schizophrenia, it is said one- 
fifth of all hospitalized patients in the coun- 
try and almost 10° of state tax (Massa- 
chusetts) is required to care for the victims 
of this disease. Continuing the study of 
the condition as one of disordered biology, 
the writer discusses his thesis in the follow- 
ing sections: The Biology of Man in Rela- 
tion to Schizophrenia; The Pattern of 
Schizophrenia; Psychosomatic Aspects of 
Schizophrenia; A Biological Appraisal of 
Schizophrenia. 

These distorted personalities are most apt 
to develop in inadequate and frustrated 
people. As to cause—there is the possibility 
“that adequate studies of the enzymes might 
disclose a genuine pathology for the psy- 
chosis.” After studying the nature of man, 
the pattern of the disorder is compared with 
that of other biologic patterns; and finally 
there are considered the chief functional 
deviations frequently observed in the endo- 
crines, oxygen and carbohydrate metabol- 
isms, and the circulatory system. 

The writer’s approach to the subject is 
unusual and stimulating. ™, 2. 


DIGITALIS AND OTHER CARDIOTONIC DRUGs. 
By Eur Ropin Movirt, M.D., Capt. 
M.C., A.U.S.; Internist, Veterans Admin- 
istration Facility, San Francisco. Pp. 204; 
24 ills. New York, Oxford Univ. Press, 
1946. Price, not given. 

Tue subject matter of this book includes 
digitalis leaf (purpurea) and various glyco- 
sides, digitalis lanata and lanatoside 











pt 
ed 
ty 
‘ht 


in, 
ith 
lly 
ral 
lo- 
ol- 








BOOK REVIEWS AND NOTICES 253 


strophanthus and its derivatives, squill and 
various other so-called cardiotonic agents 
of plant and animal origin. Historical data, 
source and chemical structure, pharmacology 
and use in clinical treatment are discussed. 
The literature has been carefully reviewed 
and the book may be regarded as a depend- 
able source of information with respect to 
digitalis and allied drugs. G.. 


MEDICINE IN INDUsTRY. By BERNHARD J. 
Srern, Pux.D., Lecturer in Sociology, 
Columbia Univ.; Visiting Professor of 
Sociology, Yale University. Pp. 209; 
15 tables. New York: Commonwealth 
Fund, 1946. Price, $1.50. 

Tuis is one of the volumes issued under 
the auspices of the Committee on Medicine 
and the Changing Order of the New York 
Academy of Medicine, “as a contribution to 
contemporary thought on important ques- 
tions in the general medical and health 
field.” The author is well known as a 
writer upon topics which are closely allied 
to medicine and his selection by the com- 
mittee assured a thoroughly documented and 
critical survey to demonstrate how perfectly 
this particular subject illustrates “the re- 
ciprocal effects of medicine and the technical, 
social, economic, and political changes that 
have taken place in American life.” 

Each of the 7 chapters represents a review 
of the subject under discussion both histori- 
cally and currently. Appended to these 
chapters are references to all the important 
publications a student or practitioner is 
likely to need. The first 2 chapters, scientific 
developments and social and _ legislative 
backgrounds, take us from a papyrus of 
ancient Egypt to the most recently pub- 
lished laws enacted by various states up to 
last year. 

Progress has been spotty. In all ages the 
need for reform has been recognized but it 
is only in recent years that there has been 
satisfactory achievement. Attainment of 
ideal conditions still depends on research, 
especially in the field of physiology. In 
considering the extent of industrial disabil- 
ity it is found that the data available do not 
approximate accuracy but that they are 
sufficient to permit an evaluation of the 
prevailing situation. 

The study here of the handicapped worker 
in industry reveals a problem which the war 


disabilities may help to solve by requiring 
a more constructive and enlightened policy 
on their employment than is now generally 
in force. 

Preventive services which can be stan- 
dardized, methods, and the extent of their 
utilization, are the result of intensive organ- 
ization. It is now in the smaller plants that 
safety services are less available. There are 
compelling facts in the figures assembled 
under health programs and financial savings. 

Medical care programs in industry are 

financed by employers and workers jointly, 
by workers alone or by employers alone. 
The review here of the current utilization 
of plans for health insurance in industry 
furnishes a perspective which can be used 
by individuals, groups of employers or 
communities for their own projects. Prob- 
ably nowhere else can there be found a 
summary so well balanced. 
» The final chapter concerns the industrial 
physician; it states the conventional func- 
tions of those who are considered specialists. 
With the recognition of psychiatry as an 
aid in placement, avoidance of accidents 
and absenteeism, the alert industrial physi- 
cian finds himself called upon to fulfil many 
other important functions. He will be a 
member of the safety committee, a con- 
sultant of management and probably per- 
sonnel director. “The field of industrial 
medicine offers one of the most fruitful ap- 
proaches to preventive medicine and public 
health. As the schools are agencies through 
which children can be reached en masse for 
the application of the most advanced find- 
ings of scientific medicine, so the factories, 
workshops and commercial establishments 
afford the opportunity to reach large aggre- 
gations of adult workers.” 

In an Appendix there is a tabulation of 
certain industrial prepayment medical plans. 
Organization of the oldest of these, the 
Hospital Department, Southern Pacific Com- 
pany, dates back to 1867. 

This small but important volume traces 
“the social, economic, legal, and professional 
setting within which industrial medicine has 
matured and the development of the scien- 
tific knowledge which has given industrial 
physicians increased competence to cope 
with diseases affected by occupations.” 

A. H. 
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PSYCHOLOGICAL MEDICINE. By DEsMoND 

Curran, M.B., F.R.C.P., D.P.M., Psy- 

chiatrist and Lecturer in Psychological 

Medicine, St. George’s Hospital, and 

Honorary Psychiatrist to the Midia Vale 

Hospital for Nervous Diseases, London; 

Temp. Surgeon Captain, R.N.V.R., and 

Consultant in Psychological Medicine to 

the Royal Navy; and Eric GuTTMANN, 

M.D., M.R.C.P., Neuropsychiatrie Speci- 

alist, Emergency Medical Service; former- 

ly Research Psychiatrist, Nuffield Dept. 
of Surgery, Oxford; Psychiatrist to the 

Officer Board, National Fire Service. 

Foreword by J. J. Conypeare, M.C., 

D.M. (Oxon.), F.R.C.P., Physician to 

Guy’s Hospital, London. 2nd ed. Pp. 

246; 20 ills. Baltimore: Williams & Wil- 

kins, 1945. Price, $3.50. 

THE main changes and additions found in 
this issue are concerned with constitutional 
factors and psychopathic personalities, the 
affect and hysterical syndromes, and modern 
physical methods of treatment. Important 
chapters are: Actiology of Mental Disorder; 
Symptoms in Mental Disease; Psychiatric 
Case - Taking; Treatment; Constitutional 
Anomalies; Organic Syndromes; Psychiatric 
Aspects of Head Injury; Drug Addictions; 
Schizophrenia; The Affect Reaction Types; 
Obsessional States; Hysterical Reactions. 
The appended Psychiatry Associated With 
War Conditions is enlarged. 

Psychosomatic Medicine is now included 
with 4 distinct avenues of approach: The 
study of the psychologic origin of somatic 
symptoms and of organ neuroses; the dis- 
covery of psychologic factors precipitating 
or causing organic disease; somatic disease 
in relation to psychologic types; psychologic 
reactions to somatic disease and defect. 


ms oe 


PROGRESS IN NEUROLOGY AND PSYCHIATRY. 
Edited by E. A. Sprecet, M.D., Professor 
and Head of the Department of Experi- 
mental Neurology, Temple University 
School of Medicine. Fifty-three contrib- 
utors. Pp. 708. New York: Grune & 
Stratton, 1946. Price, $8.00. 

In this collaborate volume, the initial one 
in forthcoming annual reviews, the subject- 
matter is confined largely to the literature 
of 1945. Most space is given to Pharmacol- 
ogy of the Nervous System, where the 
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biography alone covers more than 23 pages; 
its chief concern is in diagnostic and thera- 
peutic applications, with but little considera- 
tion of drug action mechanisms. Among 
other subjects ar general and local anes- 
thetics; the various aspects of alcoholic 
addiction, including the efforts of Alcoholics 
Anonymous and the Yale Plan Clinics; in 
the war neuroses, ergotamine tartrate has 
been employed in overcoming “sympathetic 
overactivity.”’ In shock therapy, affective 
disorders respond much more readily than 
does the schizophrenic group. Electro-en- 
cephalograms show moderately severe “ab- 
normalities”” appearing in from 5 to 15% 
of the clinically ‘“normal’’ control subjects. 
When penicillin is given alone, as yet there 
is no standardized method for its use in 
neurosyphilis. Under Group Psychotherapy, 
psychodrama receives careful consideration : 
on a specially designed stage, the subject is 
encouraged to act out his problems before 
an audience of patients, visitors and staff. 
There is a scarcity of summaries. This 
product of many collaborators is a timely 
book on opportune subjects, and its annual 
re-appearance doubtless will be looked for- 


ward to. N.. 2. 


SrupIES IN HYPERTONY AND THE PREVEN- 
TION OF DisEAsE. By I. Harris, M.D., 
Honorary Director, Institute for Preven- 
tion of Disease, Honorary Physician, 
Liverpool Heart Hospital ; in coéperation 
with J. T. IRELAND, B.Sc. (Hons.), A.1.C., 
Leverhulme Research Fellow, G. V. 
James, M.Sc., A.I.C., Maurice Stern Re- 
search Fellow, Epwarp Cronin Lowe, 
M.B.E., M.B., B.S., Director, Pathological 
Department, Southport Infirmary, Hono- 
rary Clinical Pathologist, Institute for 
Prevention of Disease, C. E. VERNON, 
M.Sc., A.I.C., Research Fellow. Pp. 114. 
Baltimore: Williams & Wilkins, 1946. 
Price, $3.00. 

Tuis book is unusual. The introduction 
contains a bitter attack on the Medical Re- 
search Council, for adding calcium to the 
bread of wartime England, describing them 
as ‘dictatorship or priesthood . . . to 
hold their positions at all costs and by all 
means.” 

The author believes that emotional strain 
and diet are the cardinal factors in producing 
hypertony, or hypertension. Much origina! 
experimental and clinical data is presented 
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in sections dealing with calcium, cholesterol, 
protein intake, phosphorus and potassium. 
The author’s discussions and conclusions are 
ingenious and thought provoking, but will 
not be accepted by all. The book is recom- 
mended primarily for students of hyperten- 
sion and metabolic disease. J. G. 


MaNvuaL Or TuBERCULOsIs. By E. Asu- 
WORTH UNDERWOOD, M.A., B.Sc., M.D., 
D.P.H., Medical Officer of Health and 
Chief Administrative Tuberculosis Officer, 
County Borough of West Ham; Lecturer 
in the Royal College of Nursing; Fellow 
of the Royal Statistical Society. Pp. 524; 
88 ills. Baltimore: Williams & Wilkins, 
1945. Price, $4.50. 

SeLpom has the subject of tuberculosis 
been condensed as well as in this small 
volume by Dr. Ashworth Underwood. With- 
in its pages the reader will find an informa- 
tive and accurate account of the etiology, 
pathogenesis and evolution of tuberculosis, 
its institutional, medical and surgical treat- 
ment, the disease as it occurs in children, 
and the large problem of rehabilitation, as 
well as a very useful discussion of the ad- 
ministrative measures employed in tubercu- 
losis control, the epidemiology of the disease 
and its public health aspects and its relation 
to social medicine. Quite appropriately, 
the book ends with a chapter on tuberculosis 
and war, in which a concise analysis is made 
on the basis of recent English experience of 
the impact of ,total war on a country pre- 
viously well organized for tuberculosis con- 
trol. The author is conservative in his 
account of tuberculosis, not leaning to any 
one of the several conflicting theories on 
pathogenesis, but giving a factual account 
of present understanding, and frankly ad- 
mitting our ignorance of certain phases of 
the development of the disease. 

The book is well written, and excellently 
illustrated. A useful feature is an accurate, 
comprehensive summarization at the end of 
each chapter. The volume is recommended 
for all persons interested. in tuberculosis, and 
particularly for undergraduate and graduate 
medical students who wish a comprehensive 
view of tuberculosis for incorporation in 
their general understanding of medicine. 


E. L. 
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PSYCHOTHERAPY IN GENERAL PRACTICE. 
Report on an Experimental Postgraduate 
Course. By Grppres Situ, Associate, 
The Commonwealth Fund. Pp. 38. New 
York: Commonwealth Fund, 1946. 
Price, 25c. 

IN an experimental effort to determine if 
doctors could be ‘taught to practice in 
their own offices the kind of medicine psycho- 
neurotic patients need,” 25 physicians in 
general practice attended a postgraduate 
course of 2 weeks duration at the University 
of Minnesota. Asa course in psychotherapy, 
such complicated problems as deep-seated 
sexual dysfunction, were not attempted. 
From the results on 121 patients seen, it 
appears that a new outlook was given on 
medicine: “their attitude toward patients, 
their attitude toward disease, and their 
treatment of chronic illness.”’ N. Y. 


‘ 


oF NortTH AMERICA. 

July 1946. Mayo Clinic. Splenomegaly. 

Pp. 253. Philadelphia: Saunders, Price, 

$16.00 yearly. 

Tuis is an informative and absorbing 
number. The leading article reviews well 
the disease entities to be considered should 
the examiner palpate the spleen in an adult 
patient. The papers on headache, gastros- 
copy, acute abdominal pain and chancroid 
stress the importance of the history in mak- 
ing the proper diagnosis. Physicians who 
have not had the opportunity to prescribe 
some of the more recently available chemo- 
therapeutic agents will find the presentation 
on thiouracil, streptomycin, penicillin in the 
treatment of syphilis and the newer sulfona- 
mides and antibiotics in intestinal diseases 
succinet and specific. 

The reviews of the treatment of headache 
and habitual abortion, the present status of 
thiocyanates in hypertensive disease, the in- 
creasing abuse of sedative drugs and the use 
of various kinds of insulin critically cover 
the practical problems of managing such 
patients. Several of the clinics on the thera- 
peutic agents present too enthusiastically 
the curative potentialities of these drugs. 
Studies on series of over 100 cases with a 
similar number of controls on placebo ther- 
apy are in the minority. An example is that 
more than a minority of patients with 
chancroidal ulcers do not get complete heal- 
ing on sulfathiazole. Many patients having 
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acquired bacillary dysentery in this and 
other parts of the world are not improved 
by sulfadiazine even on near-toxic dosages. 
Increasing emphasis should be given to the 
toxic manifestations of these drugs which 
are so frequently prescribed. 

The article on the Problem of Blackout 
and Unconsciousness in Aviators is unusual 
in a clinical presentation. This simple con- 
cise exposition of the vast amount of experi- 
mental work done in this field since 1939 is 
timely. It gives the medical man an oppor- 
tunity to learn about the human problems 
in aviation relating to the survival of air- 
men, how the physiologic mechanisms were 
studied, what solutions were brought forth 
and what problems are still unanswered. 

The physiologic investigation accomplish- 
ed in the marvelous medical research pro- 
gram coordinated by the Office of Scientific 
Research and Development should be sum- 
marized in the future Clinies of the appropri- 
ate institutions. J. 


JeEWwisH LUMINARIES IN MeEpicaL History. 
By Harry FriepenwaLp, M.D., D.H.L. 
(Hon.), D.Sc. (Hon.), Professor Emeritus 
of Ophthalmology, University of Mary- 
land, and a CaTaLoGuE of Works Bearing 
on the Subject of the Jews and Medicine 
From the Private Library of Harry Fried- 
enwald. Pp. 199. Baltimore: Johns Hop- 
kins Press, 1946. Price, $3.00. 

As indicated by the title, this volume con- 
sists of a brief discussion of Jewish luminar- 
ies in medical history, and a catalogue of 
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works bearing on the subject of the Jew in 
medicine, from the private library of the 
author. 

If there is ever need for a source of infor- 
mation on the accomplishments of the Jew 
in medicine, the short lecture of Dr. Fried- 
enwald, and what he calls, ‘‘A modest but 
unique collection which in a meas- 
ure illustrates the history of medicine among 
the Jews,”’ supplies a basis for this purpose. 
This volume, well organized and written, 
but only sparingly illustrated, is a worthy 
addition to the library of any medical 
bibliophile. The value of the book is espe- 
cially enhanced by the notes interpolated in 
the catalogue. mH. B. 


PRINCIPLES OF HEMATOLOGY. By RUSSELL 
L. Haven, M.A., M.D., Chief of the 
Medical Division of the Cleveland Clinic; 
formerly Professor of Experimental Medi- 
cine in the University of Kansas School of 
Medicine. Pp. 366; 167 ills. 3rd Ed. 
Philadelphia: Lea & Febiger, 1946. Price, 
$5.00. 7 
Tus indeed thoroughly revised 3rd edition 

of a valuable book written, as Dr. Haden 

says, “to simplify the studies of disorders 
of the blood for the student and physician,” 
makes a very welcome third appearance. 

The description “of the technique of bone 

marrow puncture and the study of bone 

marrow films” that has been added increases 
materially the value of this excellent and 
advisedly “simple discussion of the funda- 

mental principles of hematology.” E. T. 
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Manvscripts intended for publication in THe AMERICAN JOURNAL OF THE MEDICAL SCIENCES, and 
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